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Preface 


Approximately 40 years ago the manuscript of the first edition of this manual 
was being written to cover the various fields of clinical microscopy in a single 
book. At that time it was the practice to have bacteriology, helminthology, 
protozoology, hematology, mycology, and urinalysis treated separately, so that 
there was inadequate correlation between the laboratory examinations in these 
fields and clinical diagnosis. 

In each new revision more space has been allotted to the interpretation and diag- 
nostic significance of the various laboratory procedures, and in this edition we 
have tried to correlate still further the data obtained by these examinations with 
the clinical picture We believe that this is facilitated by bringing together in one 
book consideration of all the available types of laboratory examinations. Assistance 
in the selection of appropriate tests may be easily obtained by consulting Labora- 
tory Procedures Useful m Diagnosis, Indexed by Diseases. 

Following the Spanish-American War, interest in the study of tropical diseases 
was aroused, and books on the laboratory diagnosis of such diseases were being 
written. These, however, rarely coordinated the common diseases of temperate 
climates with those designated “tropical” In fact, the term “exotic diseases’ — 
“Pathologic Exotique” of LeDantec — has seemed more appropriate than “Tropical 
Diseases” of Manson, for those diseases rarely or never seen in the clinics of Paris, 
London, or New York. Along with the first edition, successive editions followed 
the plan of giving equal consideration to the etiology of exotic diseases and those 
common to temperate climates 

Fortunate for the first edition was the assistance of Dr. Charles Warded Stiles, 
later head of medical zoology in the Naval Medical School Both here and at 
Johns Hopkins he covered the entire field from helminthology, his specialty, 
through protozoology, entomology, and herpetology, and he not only taught human 
parasitology but also illustrated this subject with comparative parasitology. Dr. 
StHcs was an international authority on zoologic nomenclature, and every zoologic 
name used in the first edition had his approval. Successive editions had the advice 
and cooperation of the officers of the Hygienic Laboratory (National Institute of 
Health) as well as of those attached to the Naval Medical School. In the present 
tenth edition we have revisions coming from these two institutions. 

In the study of the filtrable viruses the clinical manifestations of the disease in 
man and experimental animals play a more important part in diagnosis than is the 
case in other conditions. In hematology a concise presentation of the symptom- 
atology is needed as well as details of chemical and microscopic technic. The 
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symptomatology' of certain diseases has been stressed if the material is to be 
found only in the recent literature or if, from the rare or exotic nature of the 
disease, it is dealt with inadequately or not at all in the standard textbooks. 

We have continued to bear in mind the needs of the man in tropical or remote 
fields, who does not have access to well-equipped libraries or laboratories. 

The great impetus given to epidemiology by World War II has resulted in a 
recognition of the necessity of having specialists in many fields, and the authors of 
this edition have been fortunate in obtaining recognized specialists to revise the 
subjects in their fields. 

Revision of the section on Bacteriology has been done by Dr. Sara E. Branham 
of the National Institute of Health This section has been almost completely re- 
written. The Classification of Bacteria is based on that which will appear in the 
forthcoming Sixth Edition of Bergey’s Manual. A number of new procedures 
have been described, such 3s determining Lancefields groups of streptococci, 
newer methods of typing pneumococci and meningococci, Frobisher’s chick 
method of determining the virulence of diphtheria bacilli, new methods of study- 
ing the enteric bacteria, and the use of the developing hen’s egg for cultivation 
of bacteria, nckettsiac, and viruses. Sections on the Gram-negative bacteria and on 
the Gram-positive spore-bearing anaerobes have been extensively revised, and 
those dealing with the acid-fast bacteria and the lactobacilh completely rewritten. 

The organisms causing actinomycosis and other related infections, formerly in- 
cluded under Mycology, have been discussed in Chapter 4 m connection with the 
acid-fast bacteria, as has also Erystpelothnx rhunopathiae. The lactobaciili have 
been placed in Chapter 4 also, with other Gram-positive bacilli, since they are no 
longer considered primarily of the gastrointestinal tract. Glanders, on the other 
hand, has been transferred from Chapter 4 to 5 among the Gram-negative rods. The 
vibrio of cholera and the genus Bacterotda have also been placed in Chapter 5. 
Several new groups of bacteria have been added: Listeria, Streptobactllus monili- 
formis and pleuropneumonia-like organisms, and ActmobactUus ligntcresL 

For advice concerning classification and nomenclature we are indebted to the 
Editorial Board in charge of the Sixth Edition of Bergey’s Manual: Professor 
E. G. D. Murray, Lt. Colonel A. Parker Hitchens, and Professor Robert S. Breed, 
Chairman. 

Acknowledgment is here made of the aid given by Dr. John H. Hanks in 
supplying material for the revision of the discussion of the acid-fast bacteria. 

Obligation is here expressed to the many members of the stall of the National 
Institute of Health, who were unstmtingly generous with advice and information 
for the section on Bacteriology. Among these special thanks should be given to Dr. 
Francis A. Arnold, Jr., Dr. James J. Grilfets, Dr. Albert V. Hardy, Dr. Carl L. 
Larson, Dr. Mark P. Schultz and Dr. Elizabeth Verier for invaluable help m their 
respective fields. Special thanks are due Miss Laura C. McCarty of this Institute for 
aid in preparation of the manuscript. 

In Chapter 6, Spirochetes, the treponemas have been discussed at considerable 
length. The discovery in 1938 that pwta, an important disease of the Indians ot 



PREFACE . IX 

the New World, is caused by a treponeme rather than a fungus, has broadened the 
field of these spirochetal diseases. There are still many unsolved problems as to 
the relationship of yaws and syphilis, among which is the explanation of the dis- 
appearance of yaws in our Southern States where it was introduced through 
thousands of cases among the African slaves. 

In connection with spirochetal diseases, we have had the advice of Rear Ad- 
miral H. W. Smith (MC) USN, who was the editor of the seventh edition. 

The section on rickettsial diseases, written by Dr. Norman H. Topping, of the 
U.S. Public Health Service, includes descriptions of Q fever and tsutsugamushi 
disease. He has also described the technic of cultivation of rickettsiae in eggs, 
the preparation of antigens from infected yolk sacs, and the soluble antigens re- 
leased from certain rickettsiae by diethyl ether. For the photomicrographs of 
rickettsiae taken with the electron microscope we are indebted to Dr. R. W. G. 
Wyckoff. Wc also thank Dr R. E Dyer, Director of the National Institute of 
Health, for criticism of the manuscript. 

The chapter on Medical Mycology has been revised by Lt Comdr. Robert J 
Goodlow H(S) USNR, Naval Medical School, NNMC. New material added in- 
cludes recent advances regarding coccidioidomycosis and histoplasmosis, and a 
summary of the present status of antibiotics New original illustrations have been 
added. We are indebted to Dr. C. W Emmons, of the National Institute of 
Health, for advice and criticism of this section. 

The section on Serologic Tests for Syphilis has been revised by Lt. Genevieve 
Stout H(W) USNR, Naval Medical School, NNMC We are indebted to Dr. 
Reuben Kahn for a review of the section dealing with the Kahn flocculation test. 
The technic of the Wassermann reaction of the former edition has been replaced 
by the Kolmer complement-fixation test. We thank Dr. John Kolmer for a review 
of this section. A section has been added regarding the use of the cardiolipin 
antigen. For special information regarding this and for a review of this section we 
are indebted to Dr. Mary Pangborn, Dr. J J. Mahoney, and Mr. A Harris. 

The chapter on Filtrable Viruses has been rewritten by Dr. Paul W. Clough. 
New material has been added, particularly regarding poliomyelitis, the enceph- 
alirides, lymphogranuloma inguinale, and influenza, and sections on infectious 
hepatitis and primary atypical pneumonia. 

The short chapter on Bacteriology of Water and Milk contained in the former 
edition has been omitted to make room for more important material, but the 
essential data, particularly regarding the coliform organisms, have been included 
by Dr. Branham in preceding chapters. 

The chapters on Preparation of Media and Reagents and Staining Methods and 
Special Procedures were prepared by Lt Comdr Paul V Wooley (MC) USNR, 
Naval Medical School, NNMC, with the advice and help of Dr Branham These 
have been transferred to Part I, although for convenience some special procedures 
ha\c been incorporated elsewhere. This has been radically reused, obsolete ma- 
terial rcmo\cd,and only the most useful modern methods retained 

Revisions ha\e been made in Part 11 dealing with Hematology, particularly in 
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pernicious anemia, sprue, and the group of hemolytic anemias. Among additional 
procedures discussed are: sternal marrow biopsies and punctates; new work on 
human blood groups 'and methods for their determination; the Rh factor and its 
relation to transfusion reactions and erythroblastosis fetalis; “cold” aurohemag- 
glutimns and their occurrence in primary atypical pneumonia; vitamin K de- 
ficiency, tests for prothrombin time, and its relation to bleeding in obstructive 
jaundice and hemorrhage of the newborn; preservation of blood for transfusions, 
and substitutes for blood. 

Part III, Parasitology, has been rewritten: Medical Protozoology by Comdr. Elmer 
M. Bingham (MC) USNR; Medical Helminthology by Comdr. Trenton K. Rue- 
bush H(S) USNR; and Medical Entomology by Lt. Comdr. William J. Perry H(S) 
USNR, all of the Naval Medical School, NNMC. Much additional material has 
been added, particularly important being new work on malaria, schistosomiasis, 
filariasis, DDT, and arthropod transmission of disease. A major addition is the 
large number of illustrations, practically all from new and original drawings or 
photographs. These include diagrammatic drawings illustrating the life cycle of the 
more important parasites . Colored plates illustrating malarial parasites in thin and 
thick blood films will, we believe, add greatly to the value of this section. 

We are indebted to Lt. Comdr. Nancy H. Wheeler H(W) USNR, Naval Medi- 
cal School, for reading and making many constructive criticisms of this entire 
section; to Dr. F. C. Bishop, Bureau of Entomology and Plant Quarantine, 
U.S.D.A , for reading the section on Medical Entomology; to Lt. D. E. Howell 
H(S) USNR, Naval Medical School, for advice in preparing the section on Medi- 
cal Entomology, particularly the part dealing with the arachnids; and to Lt. (jg) 
J. R. Borland H(S) USNR, Naval Medical School, for preparing the photomicro- 
graphs used m the chapter on Medical Parasitology. 

In Part IV, Chapter 35, Examination of the Cerebrospinal Fluid and of Fluid 
from the Serous Cavities, has been extensively revised and obsolete material 
omitted. We have substituted the new improved method of preparing colloidal 
gold solution now in use at the Naval Medical School laboratories, and for this 
we thank Lt. Comdr. Oris Western H(S) USN. 

In Chapter 36 improved methods have been substituted for the determination 
in the blood of nonprotein nitrogen, urea nitrogen, uric acid, inorganic phos- 
phorus, alkaline phosphatase, and serum protein. Among new procedures arc the 
use of the photoelectric colorimeter, and methods for determining acid phos- 
phatase, cholesterol esters, sulfonamides, and thiocyanate. We arc indebted to 
Dr. Mary V. Buell for advice and information concerning procedures used in the 
Chemical Laboratories of the Medical Clinic of the Johns Hopkins Hospital. We 
also thank Comdr. J. J. Englcfricd H(S) USNR, for refinements of the Bogen 
method of determining alcohol in the blood. 

Tests of renal function have been revised. In Chapter 42 we have added the 
cephalin-cholcsterol flocculation test and the hippuric acid synthesis test, and 
have omitted several less important or less frequently used procedures. 

Chapter 44, Vitamins as Specific Food Factors: Their Nutritional Significance 
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and Deficiency Effects, has been entirely rewritten by Lt. Comdr. M. Pijoan (MC) 
USNR, Naval Research Institute, NNMC. In view of the importance and current 
interest in this subject, a brief bibliography has been included. 

In the Appendix several sections have been omitted to make room for more 
pertinent material. Sections B, C, and E of the former edition have been trans- 
ferred to other parts of the book. Present Section G, Important Diseases and 
Injuries Due to Toxic Plants, has been revised and extended. For this new ma- 
terial we are indebted to Col. Richard P, Strong (MC) USA, who kindly made 
available material from the seventh edition of “Stitt’s Diagnosis, Prevention and 
Treatment of Tropical Diseases,” of which the chapter on poisonous plants had 
been revised by Professor Elmer D. Merrill, Director of the Arnold Arboretum. 
Present Section H, Laboratory Procedures Useful in Diagnosis, Indexed by 
Diseases, has been revised and extended. 

We are indebted to Comdr. Emil Bogen (MC) V(S), USNR, for many sug- 
gestions as to revisions and additions in all sections of the book 

We wish to thank Captain H. Lamont Pugh (MC) USN, Medical Officer in 
Command, Naval Medical School, NNMC, for his continued interest in this book 
and for his kindness in making available the many illustrations and the large 
amount of material borrowed from the Naval Medical School. 

We are especially indebted to Capt. Otis Wildman (MC) USN (Ret.), Direc- 
tor of Laboratories, Naval Medical School, NNMC, who has supervised the work 
done by the various authors from the Naval Medical School. Without hts constant 
interest, constructive criticism and active collaboration much of this revision 
would have been impossible. 

We are greatly indebted to the Medical Illustration Department of the Naval 
Medical School, under the direction of Lt. Comdr. Leon Schlossberg H(S) USNR, 
for the many new illustrations in the chapters Medical Parasitology and Medi- 
cal Mycology. Lt. Annette Conry H(W) USNR drew two of the colored plates 
used in the section on Bacteriology and the thick films of malaria parasites. She 
also drew the plates of intestinal protozoa The color plate of the thin film of 
malaria parasites was prepared under the direction of Captain fames f. Sapcro 
(MC) USN, to whom we are greatly indebted. This plate first appeared in the 
sixth edition of Strong: “Stitt’s Diagnosis, Prevention and Treatment of Tropi- 
cal Diseases," from which it is borrowed fames Garthwaite, Pharmacist's Mate, 
third class, made the majority of the illustrations for the chapter on Medical 
Entomology. 

The editor also acknowledges the invaluable assistance of Comdr. Trenton K. 
Kucbush in editing the book, particularly Parts f and If T, and in coordinating 
the work of the authors in the National Institute of Health and the Naval Medi- 
cal Center, who have contributed to it. 

E. R. Stitt 
Paul W. Clough 
Sara E. Branham 
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CHAPTER 2 


Study and Identification of Bacteria 


General Considerations 

Classification. The classification of bacteria has always been a difficult and com- 
plex problem, and there is still a difference of opinion in regard to the relation- 
ships and nomenclature of many of them. Morphologic characters are of funda- 
mental importance in all classifications, yet in the case of bacteria few structural 
details can be made out, and these alone do not suffice to differentiate certain 
organisms which are otherwise very different It is necessary, therefore, to utilize 
other characteristics, such as their metabolic activities, antigenic properties, and 
pathogetucity for animals. Although these characteristics are exceedingly important, 
particularly the antigenic structure, they are sometimes variable in the members 
of a certain species or even in a single strain under different conditions. Classifica- 
tion of the viruses is particularly incomplete. 

With the exception of the genus Salmonella the classification given on pp 4-8 is 
taken from the Sixth Edition of Bergey's Manual of Determinative Bacteriology This is 
the most comprehensive work on microbiologic taxonomy, and, although it is not official, 
its use is constantly becoming more extensive and its terminology more familiar Only 
such orders, families, tribes, and genera are included in the following condensation as 
are of medical interest The Roman numerals correspond to (hose of the complete clas- 
sification in Bergey’s Manual Those species of each genus which are apt to be encountered 
in medical bacteriology arc listed, together with their older and common names. With 
the genus Salmonella the specific names recommended by the Nomenclature Committee 
of the International Association of Microbiologists has been adopted The rules governing 
zoologic nomenclature are discussed in Chapter 16 (Medical Parasitology). The main 
points m regard to which botanic nomenclature differs are. (1) In cases in which strict 
adherence to the principle of priority would result in substituting an unfamiliar generic 
name for one in general usage, it is provided that the latter name may be “conserved.” (2) 
The names of orders end in "ales”; suborders, in “meae”; families, in “accae”; subfamilies, 
in “oidcae", tribes, in “eae”; and subtnbcs, m •‘inae , ‘ (3) Specific names which are 
taken from the name of a person may begin with a capital, although Rergey has followed 
the zoologic rule, beginning all specific names with a small letter The scientific name of 
a microorganism should be given in italics, whereas the common name is not. A generic 
name may be abbreviated only when it has already appeared fully in the context. It is 
necessary to follow this rule to avoid confusion since there is no official list of abbrevia- 
tions. The rickettsiac and \ iruscs arc not included in this condensed classification 
3 
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Classification of Bacteria of Medical Importance 

Class: Schizomvcltes 

Order 1, Eubactenales 
Family II. Pscudomonadaceae 
Tribe I. Pseudomonadeae 
Genus I. Pseudomonas 

P. aeruginosa (P pyocyaned) 

Tribe II. Spirdleac 
Genus I. Vibrio 

V comma (F choleras) 

V. metchni^oia 

Genus VI Spirillum 
S minus 
Family IV Rhirobuceac 

Genus III Chromobactcnum 

C ctolaccum (B t tolaceus) 

C lanthinum 
Family V Micrococcaceae 
Genus I. Micrococcus 

M pyogenes variety aureus ( Staphylococcus aureus) 
variety atbus (Staphylococcus a! bus) 

M atreus ( Staphylococcus citreus) 

M epulermidis 
M aerogenes 
M anaerobius 
Genus II. GaQkya 

G tetragena ( Micrococcus tetragenus) 

Genus III. Sarctna 

S tentncuh 
S flora 
S lutea 

Family VI. Ncisseriaceae 
Genus I. Netsserta 

N gonorrheae (Gonococcus) 

N meningitidis (Meningococcus) 

N cat arr halts 
N. ncro 
N per flat a 
N flora 
N subflava 
N flare see ns 
Genus II Vetllonella 

V parvtda 

V gazogenes 
Family VII Lactobactertaceae 

Tribe I. Streptococccae 
Genus I Diplococcus 

D pneumoniae (Pneumococcus) 

Genus II. Streptococcus 

S pyogenes ( Streptococcus hetnolyticus) 

S cqui 
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B. buccale 
B eurygyrata 
B. bronehtalis 

* ■ B, tkeilen 

Genus II. Treponema (Schaudinn, 3905) 

T pallidum 

Genus HI. Leptospira (Noguchi, 1917) 

L. iclerohaemorrhagtae 
L hebd omadtt 
L morrut-murtt 

Since the validity of any scheme o{ classification of bacteria depends upon a reasonable 
degree of constancy m morphology and in other properties, attempts have been made to 
minimize variations by prescribing standard conditions as to culture media, time of incu- 
bation, etc , under which they arc to be grown for purposes of description Under the 
influence of Koch, who insisted on the fixity of type, those which did not conform were 
regarded by most observers as contaminants or involution forms or were simply ignored- 
The occurrence of pleomorphism, however, must be recognized. In some bacteria this 
is very marked, especially m relation to age of culture and to type of medium. 

Dissociation or Variation, Marked variations may occur in some of those characteristics 
of a species which were formerly regarded as of fundamental significance. The variations 
which at present seem to be of the greatest practical significance are those commonly 
included in the term “dissociation " For example, if a culture of the typhoid bacillus is 
carried through successive generations by streaking a single colony over an agar plate, 
colonies of two distinct types may be found: (I) "Smooth" colonies (S form), glistening, 
moist, rather viscid and homogeneous, with even round borders; and (2) "rough" colonies 
(R forms), with a dry, crinkled surface, a tough, granular consistency, and irregular 
margins There may be colonies intermediate or mixed m type. Subcultures from typical 
colonies of each type usually reproduce the corresponding type. It is relatively easy to 
induce dissociation from a smooth to a rough type of colony This may occur spon- 
taneously in old stock cultures or may be induced by unfavorable conditions for growth, 
especially by adding immune serum to the medium Bacteriophage is often potent m 
initiating the change It is more difficult to secure a reversion from the rough to the 
smooth type, though this is possible in some cases. For example, a fixed type pneumo- 
coccus which has been dissociated will revert to a smooth fixed type if inoculated into 


♦ 9-9 
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Smooth and rough colonics of the typhoid bacillus (Salmonella typhi); X 3, Culture on m »« ent 
agaf inoculated from an old broth culture. {Courtesy, Jordan and Burrows: Bacteriology, Phila- 
delphia, W B Saunders Co ) * 
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a mouse together wjth the specific carbohydrate haptene of that type. (See Pneumococcus.) 

These alterations in the appearance of the colonies are accompanied by significant 
changes in the other characteristics of the organisms The smooth type forms homogeneous 
suspensions with little tendency to spontaneous clumping, and shows coarse flocculation 
when specifically agglutinated Motility or capsule formation, if characteristic of the 
species, is well marked. Such organisms are relatively virulent and resistant to phagocy- 
tosis, and are more effective for immunization because they contain all the antigens of 
the species 

The rough type forms granular suspensions The organisms tend to clump spontaneously 
and form fine clumps when specifically agglutinated They are less virulent and are 
susceptible to phagocytosis They often lose their flagella or their capsules, and also the 
corresponding antigens, retaining only the somatic antigen There may be changes in 
the character of the latter also (See sections on the pneumococcus, proteus, typhoid and 
paratyphoid bacilli) They are relatively ineffective for immunization. The individual 
cells may show changes in morphology They may be larger or smaller than the typical 
smooth strains, and may grow out into filamentous or branching forms 
Two other types of colonies are sometimes found The “mucoid” type is large and 
moist. The “G” colonies of Hadley are very minute, relatively inert, and hard to propa- 
gate. They are often composed of tiny granular filtrablc'forms 
Dissociation occurs in many groups of bacteria, but the dissociants do not always have 
the exact characteristics described above Each group of bacteria is a law unto itself 
Since this change from "smooth” (S) to “rough” (R) is usually accompanied by a loss of 
specific antigen, many workers prefer to speak of “specific” and “nonspecific" phases, 
since typical "roughness” or "smoothness” of colonies is not always apparent 
These changes have been demonstrated in the body as well as m the test tube. They 
introduce practical difficulties into the interpretation of agglutination tests and necessi- 
tate the careful selection of strains for the production of vaccines and serums 
Morphology. Little is known as to the finer structure of the bacterial cell The develop- 
ment of the electron microscope is adding to our knowledge, but much remains to be 
learned Definite cell walls have been shown on certain bacteria by some workers On 
the whole it may be said that the bacterial cell is composed of an inner cytoplasmic mass, 
the endoplasm, and of an outer ectoplasm which makes up the cell membrane, the 
flagella, and the capsular material. It has been shown that in many species the chemical 
constitution and the antigenic properties of the ectoplasm and endoplasm are radically 
different Usually the ectoplasmic structures are relatively well developed in virulent, 
actively growing cultures 

The presence of nuclear matenal in the endoplasm has been proved The electron 
microscope has shown this in granules in some bacteria and concentrated in one mass in 
others The structure of the “nucleus” evidently vanes in different groups of bacteria. 

Endospores are formed by certain species by a process of condensation and dehydra- 
tion of the cell cytoplasm. They are round or oval, highly rcfracule structures which 
stain with difficulty and resist dccolorization when stained Their resistance to heat, 
desiccation, and unfavorable outside environment is obviously advantageous for the 
continued existence of the species It also facilitates the isobuon of such organisms in 
pure culture, since on heating to SO* C. for 30 minutes the spores survive whereas other 
forms arc killed Spores are formed, however, only in young, actively growing cultures 
under suitable environmental conditions 

The only spore formers of medical interest are the anthrax bacillus and a few anaerobes, 
the bacillus of tetanus, of botulism, and the group causing gas gmgrene. 

Reproduction. The usual method of reproduction of bacteria is by binary transverse 
fission Exceptionally, other methods liav e been observed, 

Tootl Requirements. Bacteria contain no chlorophyll. Except for some of the sulfur 
bacteria, energy for growth must be obtained by oxidation or other chemical degrada- 
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Morphologic types of bacteria. (A) Microc occur (B) Diplococeui. (C) Staphylococcus. (D) 
Streptococcus. (C) Sarema (F) Coccobaciffi. (C and H) Commonly occurring rod forms. (I) 
Fusiform bacilli. (}) Curved rods or vibrios (K and L) Spiral forms. (Courtesy, Jordan and Bur- 
rows' Bacteriology, Philadelphia, W. B Saunders Co ) 

tion of materials in the fluid medium containing them. Their requirements differ ex- 
tremely. For some species these are satisfied by the meager contaminations present in 
distilled water, while certain pathogens grow only under highly artificial conditions in 
media containing blood or tissue fluids. The filtrable viruses 3tid the rickettsiae are still 
more exacting m that they will grow only in association with Imng cells. All species of 
medical interest require organic material of some sort in the medium as a source of 
nitrogen as well as energy. 

In addition to the carbon, nitrogen (as amino acids or peptone), and mineral salts 
which enter into the chemical composition of the bacterial protoplasm, some species also 
require certain accessory growth factors which probably function as vitamins. The dis- 
covery by Lloyd that these substances may be adsorbed by cotton or paper through 
which media are filtered was of great practical importance in improving the quality of 
culture media Little is known at to the nature or mode of action of such substances 
They may be obtained from a vanety of sources such as fresh blood, tissues, beef infusion, 
or potato juice. 

Oxygen Requirements. Most bacteria depend for their source of energy on the oxida- 
tion of organic materials. Aerobes utilize the free oxygen in the medium. Obligate 
anaerobes must derive their oxygen from other sources: from reducible substances in the 
medium or from the products of cleavage of carbohydrates or proteins. It has been sug- 
gested that the inhibitory effect of free oxygen on obligate anaerobes is due to the toxic 
effect of peroxides which these organisms are unable to split. Such organisms may he 
made to grow in the presence of some free oxygen by adding to the medium a little 
sterile tissue or un heated potato both of which contain a catalytic ferment. Mast aerobes 
are facultative anaerobes, but some, such as the plague bacillus and the tubercle bacillus, 
require abundant free oxygen Some organisms, particularly on isolation, require a re- 
duced oxygen tension and will not gross/ under either aerobic or strict anaerobic condi- 
tions. This is most easily secured by using a medium containing a reducing substance. 

Metabolic Products. In the course of their active growth bacteria produce a great vanety 
of substances. Some of these are enzymes which play an essential part m the nutrition of 
the organism. Proteolytic enzymes are formed by a great variety of bacteria These may be 
demonstrated by testing the capacity of a culture to liquefy gelatin, coagulated blood 
serum, or egg white, and are important ia classification. The capacity to split carbo- 
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hydrates and to ferment various sugars and alcohols also depends on special enzymes. 
As a rule these activities are fairly constant and specific, and ?re important in identifica- 
tion, particularly of members of the enteric group The activities of some of these bacterial 
enzymes arc of great industrial importance, such as the alcoholic fermentation of sugar, 
the oxidation of alcohol to acetic acid, and the cleavage of corn starch with the produc- 
tion of butyl alcohol and acetone. 

As a result of these metabolic activities, various by-products accumulate in the culture 
media, such as acids, alcohols, peroxides, amino acids, and other protein decomposition 
products, which inhibit the growth and eventually bring about the death of the organisms 
which produce them. The by-products of one species usually form the pabulum for an- 
other, until under natural conditions the dead bodies and refuse of plant and animal 
origin are completely broken down into simple substances (carbon dioxide, nitrates, 
water) which can be utilized by chlorophyll-containing plants and resynthesized into 
materials which can serve as food for animals Bacteria thus help to maintain the “circula- 
tion” of carbon and nitrogen in usable form between the plant and animal kingdoms. 

Toxic Substances. Pathogenic organisms also form various substances which are in- 
jurious to their host and which doubtless protect them more or less effectively from the 
antibacterial action of the defensive forces of the host Among these are the specific soluble 
toxins, secreted by certain bacteria and liberated into the surrounding medium. Another 
type is met with in the specific soluble substances contained in the capsular material of 
pneumococci and Friedlander bacilli (Klebsiella pneumoniae) This appears to endow 
the organism with the capacity to resist phagocytosis and invade the tissues. Failure to 
form capsules is associated with loss of virulence Bacteria form other “aggressive” sub- 
stances which appear to be an integral pan of their protophsm and are liberated only on 
disintegration of the bacterial cell (the endotoxins) These are complex mixtures and 
may contain two or more distinct fractions, each possessing antigenic powers and each 
capable of stimulating the production of antibodies and of allergic reactions m the host, 
specific for itself These antigens may be restricted in distribution to the one species of 
bacterium producing them, or one or more of them may be found also in related species 
or even in unrelated organisms, as in the case of the rickettsiae and Proteus fulgent The 
antigenic content of a strain may be altered if the culture becomes dissociated These 
complex relationships have been studied especially in the enteric group and will be dis- 
cussed in that section 

Factors Determining Infection. In general the occurrence of infection depends upon 
the balance between the invasive powers of the organism and the defensive forces of the 
host. The various means by which the host resists infection are discussed in a later 
chapter. If infection is to be established the invading organisms must possess an adequate 
degree of virulence It is necessary that the number of invading organisms be adequate 
Although in exceptional instances it is possible for a single organism to infect, as in the 
case of highly virulent anthrax bacilli or pneumococci in the rabbit, as a rule an ap- 
preciable number are required, and if the dosage is insufficient the invading organisms 
will be destroyed. A massive dose may infect even though the virulence is relatively low 
or the resistance of the host high The invaders must also reach a suitable portal of 
entry into the body Thus infection may be brought about readily if the typhoid bacillus 
reaches the intestine; whereas infection with a virulent hemolytic streptococcus would 
he more likely to occur through a skm abrasion than through the gastrointestinal tract 

A recognized fact in epidemiology is that in the spread of an epidemic certain indi- 
viduals seem to escape infection, .notwithstanding intimate exposure, some contract 
the disease in a mild form, while others suffer severely or die in the course of the epi- 
demic. 

As stated by Theobald Smith, the cooperation of two parasites (symbiosis) is to be 
thought of in the spread of epidemics, and this field is an important one. The best 
known example of the symbiosis of bacicna is the association of spirilfa and fusiform 
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• F rrr ° f Car k°kydrates. Fermentation of carbohydrates is of great importance 
m the identification of many organisms. For ordinary routine work a few more com- 
mon ones are chiefly used, but for special studies many other sugars, alcohols, and other 
carbohydrates are also employed. The occurrence of fermentation is indicated by the 
production of acid and in some cases of gas also. Culture media for studying fermenta- 
tion should consist of a sugar-free base with the desired carbohydrate added, and 
usually an indicator. For many bacteria a simple peptone solution makes a satisfactory 
base either as a broth or as the semisolid medium of Enlows (1923). Other bacteria 
require a more complex pabulum, in which case meat infusion broth may be rendered 
sugar-free by fermentation with Escherichia colt ( B . colt) and subsequent filtration. 
Small vials inverted in the tubes of broth, or special fermentation tubes, may be used 
if gas production is to be studied, though gas may be observed in sermsolid agar as well 
as in stab cultures in solid media. 

Indol. The production of indol (a decomposition product of tryptophane, one of the 
amino acids of protein) is characteristic of bacteria which arc active in causing the 
decomposition of protein, such as the colon and proteus bacilli. The presence of carbo- 
hydrate m the medium may inhibit indol production. The indol is not broken up by these 
organisms and may be recognized by adding a few drops of a suitable reagent. The tests 
for indol are described on p. 352 

Special Media. The selective bacteriostauc action of certain anilin dyes is often utilized 
in the isolation of certain bacteria, which is difficult and uncertain with ordinary media. 
They are also of some diagnostic value. Among them may be mentioned gentian violet, 
basic fuchsin, and methylene blue. The specific action of these dyes is not due to their 
color but to the presence of certain molecular groups which may be colorless. Other 
substances which exhibit neither color nor fluorescence may have a similar action. 
Tyrothricin, shown by Dubos (1939) to be produced by Bacillus brevis, has an in- 
hibitory effect upon a number of bacteria. When added to culture media in suitable 
concentrations it facilitates the isolation of such microorganisms as the meningococcus 
and Hemophilus influenzae from nasopharyngeal and throat cultures. Penicillin was 
first reported in this connection and some other antibiotics have a similar usefulness. 

Oxygen Requirement. This is not of much diagnostic value since most pathogens are 
facultative anaerobes The obligate anaerobes include the bacilli of tetanus, botulism, 
malignant edema, and gas gangrene, the treponemata and leptospirae. For special 
methods of anaerobic cultivation, see p 918 An important point in the recognition of 
Brucella abortus is its inability to grow on isolation except in an atmosphere of 5 to 10 
pet cent carbon dioxide 

Serologic Reactions. The complete identification of some species of bacteria, such as 
the group of dysentery bacilli, or the types of bacteria within a species, such as the 
pneumococcus, depends upon serologic reactions This method depends upon the fact 
that when bacteria are injected into a suitable animal the serum of the animal acquires 
the property of reacting specifically in various ways with the species of organism injected 
but not, as a rule, with other species. This property depends upon the development in 
the inoculated animal of specific protective substances or antibodies. The more im- 
portant manifestations of this property are (l) Agglutination of the organisms, (2) 
precipitation as a result of combination with soluble products of the organism in fluid 
media, (3) stimulation of phagocytosis of the organisms in the presence of leukocytes, 

(4) fixation of complement when the organisms or their products are mixed with their 
specific sera, (5) bacteriolysis of the organisms, (6) neutralization of toxins produced by 
the bacteria, (7) ability to protect animals from otherwise fatal inoculations of the 
bacteria due to one or more of.thcse properties and possibly other unknown activities. 

While these activities are, in general, specifically limited to the species of bacteria used, 
they may be exerted to a greater or lesser extent upon biologically related species (group 
reactions). These group reactions are usually quantitatively less marked and, therefore, 
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evident only in higher concentrations of the scrum than with the specific organism. 
For example, the serum of an animat inoculated with typhoid bacilli may also agglutinate, 
to a less extent, paratyphoid bacilli. Occasionally, however, the difference in the degree 
of the serum action on the two species is slight, and it may be necessary to resort to 
agglutinin absorption tests or other special procedures (see Chapter 10) These pro- 
cedures are further complicated by the changes in the antigenic properties of some of 
the organisms due to dissociation. These special individual changes will be discussed in 
the chapters dealing with those organisms in which such changes have been studied. 

Conversely, the behavior of the scrum of an individual with an infectious disease may 
be tested, similarly, with known species of bacteria or their products in order to de- 
termine the etiology of the infection; for instance, the agglutination reactions in typhoid 
fever and brucellosis. 


Cultivation of Viruses 

Viruses and rickettsiae require the presence of living cells. Many types of tissue cultures 
have been devised The most practical is the use of the ferule egg of a hen 
Cultivation in Chick Embryos. This valuable technic, though used chiefly for the propa- 
gation of Nvrases and rickettsiae, may be and is used for bacteria also. As originally de- 
veloped by Goodpasture it consists in the inoculation of the chorioallantoic mem- 
brane of the embryo in the developing egg which has been incubated at 38* C for 7 to 10 
days. These eggs are ‘‘candled*’ to locate the embryos, and to determine their viability 
The location is marked on each egg and a small square or triangle is cut through the shell 
over the embryo, usually with a dental drill, cate being taken not to cut the shell mem- 
brane beneath. This piece of shell is lifted off The shell membrane is then pierced and the 
inoculum dropped on the chorioallantoic membrane lying beneath. The window in the 
shell is closed with a sterile cosershp and paraffin, and the egg returned to the incu- 
bator for the length of time required to kill the embryo or until there is evidence 
that the membrane may be infected This period vanes from 2 to 13 days depending on 
the virus or organism used. Some viruses produce characteristic changes in the membrane 
Various modifications of this original technic have been developed, inoculation being 
made into the allantoic cavity, the ammotic cavity, the yolk, the embryo itself, and even 
into the blood stTtam or brain. Often no window is cut, but the inicclton made directly 
through the shell with a hypodermic needle The yolk sac method developed by Cox has 
become very popular, especially in the culture of nchcttsiae for vaccines. Aseptic precau- 
tions are taken throughout these procedures 

Role of Domesticated Animals in the Transmission of Disease 
As a rule, disease transfer from domesticated animals is of minor importance 
when contrasted with the diseases communicated by man to man. In fact, one of 
the extraordinary findings of immunology is the lack of susceptibility of one kind 
of animal to the diseases of other species. This resistance even extends to certain 
varieties of a species 

Tabic 1 summarizes the diseases contracted by man from domesticated animals 
Animal Experimentation 

Animal inoculation is extremely important as a means of isolating and identify- 
ing many pathogenic organisms. The susceptibility of a certain species of animal 
and the type of disease produced is frequently essential m diagnosis It is a valu- 
able means of isolating and identifying the filirablc viruses and of determining the 
presence of antiviral antibodies. 
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Dutmti op Animals Timv»wi«i»lc to 


Vhstase 

Animal Sourte 

Rr/norfa 

Actinomycosis 
{See p 89) 

Cattle (lumpy jaw) 

Actmomyret bout common type, Evi- 
dence of human infection from cattle 
insufficient. Present in and on cariottt 
teeth and in tonnllar granules of man 

Anthrax 
(See p SO) 

Cattle, horses, sheep 

In catile, hides; m horses, hair for 
shaving brushes; in sheep, the wool. 
PjciJIuj ant hr an t 

Brucellosis 
(Seep 10S) 

Goan, tattle, *wme 

Hairy products mam source of infection 
from cows and goafs. Carcass of in- 
fected hog at abattoir Handling of 
animals by farmers and veterinarians, 
llovmt: Strain least Virulent, fimeeffe 
rtrhtensit, Jl, abortus, B. tntt 

GKCidiardnmycom 
(See p 2)4/ 

Wild rodents, dogs 

Occurs in cattle and sheep as local 
lymphadenitis, pot communicable. 
CoenJioiJft mrntltt Usually acquired 
by inhalation 

Equine encephalomyelitis 
Cauem, Western. Venezuelan 
forms Also St Louts ami j 
Japanese D types 
(See p. 200) 

Birds, horses 

Girds probably chief source. Horse may 
he incidental. Swine, goals, dogs, and 
sheep susceptible. Mosquito vector. 
Virus agent 

try sipefoid (Rnttauf) 1 

(See p. 98) 

(fish handler's disease) 

Siwne 

F»h 

Contact with bone or carcass of hog with 
swine cry upelas, or with infected fish, 

A severe Aemiutts, oceanonjlly gen- 
! rralized Due to Erytiptfotbnx rdu- 
nopashae 

Flukes 

(Sec pp 571,572) 

Carr, dogs, sheep, wi- 
de, and other ani- 
mals 

Cats and dogs — Opistlorchis Jefmens 
and C'hnorcht smenitx. Sheep and 
cattle— Forftofa Aepatiea. Schistosoma 
Ijponieum us all 

Foot ami mouth disease 
(Aphthous fever) 

(Sec p. 197) 

Cattle, hags, sheep, 
goats 

Mdk or sain a of infected cow usual cause 
of occasional human infection Symp- 
toms in man very mild. Virus agent 

Glanders 
(See p. 120) 

Horses 

In man an acute and chronic tf'rt 0 * 
disease usually fatal Acute re* err bier 
pyemia; chronic, ulcers and lymt- a»c 
gland involvement, Af. mailer 

Hydatid disease 
(Sec p.590) 

Dogs 

Ingestion of Eehmococcut granulosus 
ova. Close association with infected 
dogs makes possible ingestion of dog 
fecal material 

Jungle yellow fever 
(Seep. 220 

Unknown 

Mosquito vector Virus agent 
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Table 1 — ( Continued ) 


Diseases op Animals Transmissible to Mas 


Disease 

Animal Source 

Remarks 

Leptospirosis 

(See pp. 157, 158) 

1 , Weil's disease 

2 Canicola fever 

3. Other leptospiroses 

Rats 

Dogs 

Certain rodents 

Ingestion of material containing Lepto- 
spira ictcrohaemorrhagiac 

Ingestion of material containing L. 
canicola 

Contact with contaminated materials 
containing other Leptospira 

Lou pmg ill 

Sheep primarily 

Transmitted to man by tick. Found 
chiefly in Scotland and England. Re- 
lated to Russian spring-summer en- 
cephalitis. Virus agent 

Lymphocytic choriomeningitis 

Mice, possibly dogs 

Virus agent 

Milk sickness / 

(See p 938) 

Cows 

Milk from cows which have fed on 
white snake root or rayless golden rod 

Plague 

(Seep 116) 


During plague epizootic in rats, rat fleas 
take up plague bacilli in rat's blood. 
Feeding on man transfers infection. 
Pasteurella pestis 

Psittacosis 
(See p. 214) 

Ornithosis 

Parrots, parrakeets, love 
birds 

Paeons, chickens, and 
possibly other birds 

Virus disease Diarrhea in birds, pneu- 
monia in man 

Rabies 

(See p. 206) 

Dogs, cats, foxes, 
skunks, vampire 
bats 

Bite of rabid animal. Vampire bat a 
healthy earner. Virus agent 

Rat-bite fever 

(Sec pp 147 and 160) 

Rats and other rodents 

Streptobactllus moniliformis or Spirillum 

Rift-Valley fever 

Lambs 

Contact with lambs sick with this virus 
disease may produce a dengue-like 
disease in man 

Ringworm 

Cats, dogs, horses, cat- 
tle, mice 

Mtcrosporum cams and M. jehneum 
frequent in children — scalp and gla- 
brous skin. Tnchopb)ion mentagro- 
phyles and Micros porum gypieum 
chiefly from horses. T. fan forme from 
cattle 

Salmonella (food poisoning) 

(Sec p. 131) 

Cattle, rats, mice 

Food poisoning from meat of infected 
cattle or swine, or contamination of 
food by feces of infected rats or mice 

Septic sore throat 
(See p 35) 

Cows 

Human streptococcus (beta type of 
hemolysis; LancefieM group A) infects 
udder and milk. Streptococcus of 
chronic mastitis of cow is an alpha 
or alpha prime type 
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Diseases of Animals Transmissible to Man 


Disease 

Animal Source 

Remarks 

Tapeworms 
(Seep 584) 

Cattle, hogs, dogs, rats, 
and mice 

> Taenia saginata— cattle. Taenia solium 
— hog, Dipyhthum eanmttrtt — dog, 
Diphyllobothrium latum — fish, tfy- 
menolepts nana and H. dmunuta— 
rats and nuce 

Trichinosis 
(See p 612) 

Hogs, rats 

Ingestion of raw or insufficiently cooked 
infected pork meat Rats eat infected 
pork meat. Hogs cat garbage contain- 
ing pork scraps. Tnchinella spiralis 

Tuberculosis 
(See p 80) 

Cattle and other ani- 
mals 

Bovine tuberculosis most important form 
contracted from animals by man 
Commonest manifestation is some 
form of bone or joint disease. Can 
cause pulmonary disease also. Myco- 
bacterium, tuberculosis, var bolts 

Tularemia 
(Sec p 113) 

' Wild rabbits, hares, 
and other rodents 

Deer fly or tick transmission. Inocula- 
tion from handling infected rabbits. 
Eating insufficiently cooked rabbit 
Past cur ella tularensts 

Typhusdike fevers 

1. Endemic typhus 

2. Rocky Mountain spotted 
fever 

3. Tsutsugamusht (“scrub or 
mite typhus") 

4 Boutonneuse fever 

5. “Q" fever 
(Seep 176) 

1 Rats 

2 Wild rodents 

3 Rats 

4 Dogs 

5. Bandicoot and pos- 
sibly other animals 

1. Rickettsia moosen. Transmitted by 
rat flea 

2. R. nc\ctUt. Transmitted by wood tick 

3. R. mppontca. Transmitted by mite 

4. R conon. Transmitted by tick 

5 Transmitted by tick 


The experimental animals most frequently employed are, in the order of their 
usefulness: the white mouse, the rabbit, the guinea pig, and the white rat. 
Hamsters are becoming increasingly popular in the study of virus diseases and the 
leptospiroses. Monkeys are invaluable for some purposes but are too expensive for 
routine work. Other animals are required for special purposes, such as the ferret 
for the virus of influenza and kittens for staphylococcus food poisoning. Horses, 
goats, and rabbits are used for the preparation of therapeutic sera. 

Methods of Inoculation: 1. Cutaneous The material is rubbed thoroughly over a 
shaven area with a glass rod 

2. Intracutaneous When local reactions arc to be observed white areas of skin arc 

preferable. The hair is removed and the skin disinfected A small syringe and a sharp 
needle, preferably No. 26, arc used. The needle is inserted, lumen up, into the skin, and 
lifted slightly before injection. The amount given is usually 0.1 ml. A small, pale wheal 
should be present immediately after injection. • 

3. Subcutaneous. After clipping the hair and disinfecting the skin the material is 
emulsified and injected with a syringe and hypodermic needle of suitable size. Tissue 
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may be placed in a pocket made by incising the skin and stripping back the adjacent 
subcutaneous tissues. Such an incision should be sealed with collodion. 

4. Intravenous In rabbits the marginal ear vein is used This can be distended by ap- 
plying either hot water or xylol. In mice a vein at the base of the tail is used and in rats 
the saphenous vein in the leg In guinea pigs it is usual to expose the jugular vein or a 
vein in the leg or to make the injection directly into the heart under anesthesia. In the 
latter case the needle is inserted in the second right interspace near the sternum, with the 
tip directed backward, downward, and toward the left Moderate suction is exerted with 
the syringe and the depth to which the needle is inserted is varied until blood enters the 
syringe freely Injection is then accomplished. The apex beat may be located by palpa- 
tion and the needle plunged directly into the ventricle at this point 

5. Intraperitoneal After shaving or clipping and disinfecting the skin of the abdomen 
the needle is introduced obliquely through the skin in the median line and then 
vertically through the muscle until the tip is within the peritoneal cavity To avoid 
puncturing the gut it is desirable (particularly with rabbits) to hold the animal with 
the head down so that the intestines gravitate away from the needle 

6. Intramuscular These injections arc usually made into the posterior muscles of the 
thigh. 

7. Intracerebral Rabbits The head is shaved and the skin sterilized Under ether 
anesthesia the skull is exposed by an incision midway between the eye and the medial 
ridge at the junction of the occipital and parietal bones. A small trephine opening is made 
and the injection carried out by means of a I-ml syringe with a Vi-inch needle. Mice 
Under ether anesthesia a fine-bore needle attached to a 1-ml. syringe is forced through 
the skull at a point just anterior and lateral to the vertex, to a depth of about inch. The 
maximum volume to be injected is Ym ml 

8 Intratesticular Rabbits and Guinea Pigs The skin is disinfected, the testicle 
gTasped, a fine needle inserted, and a small amount of the material injected 
9. Inhalation Guinea Pig The animal is placed in the chamber in which the dust or 
spray is injected, and allowed to breathe it over a period of time Or a glass chamber is 
fitted over the animal's head and an atomizer at the other end of the chamber given one 
or more puffs with the bulb 

10 Incestion Material may be mixed with the food or placed in the animal's mouth 
with a rubber-tipped pipet or dropper, or may be injected directly into the stomach 
through a catheter. A soft rubber urethral catheter is suitable for rabbits. A silver 
Eustachian-tube catheter is useful for mice. 

Natural Infections of Laboratory Animals 
In human autopsies we appreciate the importance of great experience in recognizing 
ihe pathologic lesions caused by the various diseases affecting man In the study of the 
lesions in experimental animals experience is equally important. It is essential to be 
familiar with the appearance of the normal organs of such animals, and with the changes 
in the tissues and body fluids caused not only by the infection with which the animal has 
been inoculated, but also those diseases which may occur spontaneously in the animal In 
view of the rigid controls demanded in other fields of research, it is remarkable that rela- 
tively so little attention has been given to this matter 
Mice. "Mouse typhoid,” due usually to Salmonella typhimunum or S ententidis, is an 
important cause of fatal epizootics in laboratory-bred animals. Hemorrhagic septicemia 
due to Patteurella mitncida (fl munsepttcus) also occurs Streptobocillus moniliformis , 
causative agent of a form of rat bite fever in man, also infects mice There arc other in 
fcctious diseases of mice met with less commonly Tumors — especially adenocarcinoma 
of the breast — arc not uncommon Sarcospondiosis, ringworm, and helminthic infections 
(larval and adult) atso occur. 

Virus Diseases Marschal’s infectious ectromclia is characterized by cutaneous infections 
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progressing to gangrene, or by abdominal lesions. Cytoplasmic inclusions may be present. 
Diseases of the salivary glands, pneumonias, and lymphocytic choriomeningitis due to 
viruses have been reported, Theiler’s disease, which catises a flaccid paralysis of the hind 
tegs, occurs spontaneously 

Guinea Pigs. Disease-free colonies of these animals have been maintained, but they are 
not common The diseases found vary with the stock and environment, and workers 
ustng guinea pigs extensively should familiarize themselves with those conditions found 
in the uninoculated animals. The infections most commonly found are those due to cer- 
tain salmoncllas, a parotitis, and a nonhemolytic streptococcus infection of the lymph 
glands, especially of the neck, described by Theobald Smith. Spontaneous or cage in- 
fection with tuberculosis has been observed. 

Rabbits. "Snuffles" is probably the most common 3nd most inconvenient ailment. It is 
due to Brucella bronchisepttca ( Bacillus bronchiseptictis) or to Pasteurella ctmiculicida 
(Bacterium leptscpUcnm ). Rabbits suffer spontaneous infections with pseudotuberculosis, 
usually due to Pasteurella pseudotuberculosis Diarrhea may be due to coccidiosis, a very 
common infection in rabbits. Infections occur with some spirochetes, which involve the 
genitalia and may be confused with Treponema pallidum of man. 

A spontaneous cncephatius has been reported in Europe and America. Fungus infections 
arc common. Mues may cause skin lesions in and about the ears The commonest helmin- 
thic infection is with the larval stage of Taenia ptsijormis of the dog. The cysticerci arc 
found in the omentum and Uver of infected rabbits Tumors arc rare. 

Virus III, described by Rivers, causes an acute orchitis. 

Myxomatosis is responsible for severe and highly fatal outbreaks. 

Rats. If properly cared for, rats are relatively free from spontaneous diseases, except 
mange which especially involves the ears and tail. The most common specific infections 
encountered are due to Salmonella typhtmurtum and S. ententtdts. Nonspecific middle- 
ear infections and pneumonias are fairly common. The liver may show the larval stage of 
the cat tapeworm. 

Monkeys. Monkeys are susceptible to tuberculosis which often spreads through a colony. 
They are susceptible to some forms of bacillary dysentery (Shigella paradysenteriae, 
Flexncr). A lung mite produces symptomless lung lesions which may prove confusing 
unless understood. 

Fowls. Chickens may develop "fowl diphtheria" or a laryngeal inflammation as in fowl 
pox. They are also susceptible to an epidemic diarrhea) disease due to Salmonella pul- 
lorwm. 

Collecting Material at Biopsy or Necropsy of Man or Animals 

It is customary to sear with a heated knife or spatula a spot on the surface of the 
organ from which cultures are to be made Then a stenle platinum spud is introduced at 
this point, and tubes of culture media are inoculated with the spud The platinum loop 
may be used when an incision has been made into the organ with a stenie knife. 

A capillary pipet is a good instrument for taking up blood from the right side of the 
heart or from blood vessels. When great precaution is necessary to insure sterilization of 
the surface, as in cultures of an excised gland or organ, the piece of tissue may be 
dropped into 5 per cent formalin solution for a few minutes, washed in sterile salt solu- 
tion, next placed m a stenle Pern dish and the material obtained from the center; or it 
may be dropped for a few seconds into boiling water. Before performing a necropsy on 
experimental animals it is well to dip the dead animal into 3 per cent tnkresol solution 

In autopsying small laboratory animals they may be tacked down by each foot to a 
wooden board covered with heavy paper, the paper with the animal being thrown in the 
furnace after the autopsy When pans are used these should be put in the autoclave. It is 
advisable to use rubber gloves when autopsying animals infected with virulent organisms. 
To avoid conjunctival infection it is well to wear goggles or a suitable mask. 
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Cocci 


Key and Notes 

Streptococcus Forms. Cells in short or long chains, never in packets 
I. Aerobic 

A. Pyogenic group These produce a zone of beta (dear) hemolysis around colonies on 
blood agar. 

1. Lanceficld's group A (primarily pathogenic for man) 
a Streptococcus pyogenes 

b. Other unnamed or less well recognized species 

2. Lanceficld's group C. 
a “Animal pyogenes ” 

b. Streptococcus ecjtu (causes “strangles" in horses) 

c. Streptococcus eqtnsimths (may infect either man or animals). 

3. Lancefield's group B. 

a. Streptococcus agalactiae (causes mastitis in cattle) (S mastrttits) 

II. Viridans group. Colonies on blood agar surrounded by a greenish zone of methe- 
moglobin ( alpha hemolysis) 

1. Lactose fermented 

a. Streptococcus sain amts 

b. Streptococcus units (S' i trtdans) 

c. Streptococcus botts 
2 Lactose not fermented 

a Streptococcus e^ninm 

C. Enterococcus group (Lancefield’s group D) May or may not show zone of beta 
(clear) hemolysis around colonies on blood agar Infects either man or animals 
H Anaerobic. Usually nonhemolytic and gas producing May cause puerperal sepsis 
Dtplococcus Forms. Cells usually in pairs. Exacting tn media requirements Oval to 
lancet-shaped forms, less frequently in chains Colonies greenish on blood agar with 
greenish zone of methemoglobm {alpha hemolysis) Bile-soluble 

I. Diphcoccus pneumoniae (Pneumococcus) Seventy-five serologic types ha\e been 
described. Ten types are responsible for 75 per cent pneumococcus pneumonias (Sec 
text ) 

H Anaerobic rpecies of diplococcus 

Siaphylococtus Forms. Ceils as a rule in irregular groups Pigment white or orange, or 
less commonly lemon yellow Placed now in genus Micrococcus 
I Aerobic. Usually ferment lactose and liquefy gelatin 
l. Micrococcus pyogenes 

a. Orange pigment 

M pyogenes, lar aureus {Staphylococcus aureus'). 

b. No pigment White grow th on solid media 

M pyogenes. \ar albns (Staphylococcus albui). 

c. Lemon yellow pigment 

M atreus (Staphylococcus ettreus) 
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II. Anaerobic. Several lets known species. 

Tetrad Forms. Cells m tetrads, often surrounded by a capsule in the animal body. 

1. Gafl^ya tetragena (Micrococcus telragemis). 

Sarcina Forms. Division occurs in three planes, producing regular packets Growth on 
agar abundant, usually with the formation of yellow or orange pigment. 

A. Yellow pigment formed 
Gelatin not liquefied. 

1. Sarcina ventncult (stomach contents of man and animals). 

Gelatin liquefied 

2. Sarcina {lava (air). 

3. Sarcina lutea (air, soil, water). 

B. Orange pigment formed. 

4. Sarcina aurantiaca (air, water). 

Gram-negative Cocci. Neisseria. Cells normally m pair* with adjacent sides flattened 

A. Grow best at 35* to 37* C on special culture media containing blood, blood serum, 
or starch, or on infusion agar with vitamin. 

1. Ncuscna gonorrhoeae (Gonococcus) 

2. Neisscna meningitidis (N wtraceUubns) (Meningococcus). Four serologic groups: 

UUWIV 

B. Grow well at 22* C on ordinary culture media 
Nonchromogcmc. 

3. Neificnj catarrhahs 

4 Neisseria sicca 

Chromogcmc. Golden or greenish-yellow pigment. 

5 Netssena per {lava 

6 Netssena {lava 

7. Netssena sub {lava 

8. Netssena fiavescens. 

Gram-negative Cocci. Veillonella. Cell* in clumps resembling minute staphylococci. 
Strict anaerobes Harmless parasites found in mouth and digestive tract of man and ani- 
mals 

1. V parvtda 

2. V. branbamtt 

3. V gazogenes 


Streptococcus Group 

Occurrence. Streptococci are widely distributed in nature and are the cause of 
a great variety of infections, both in man and animals. They are frequently found in 
the normal mouth, nose, and intestinal tract, and also in water, milk, and dust. 
Many are harmless and some of them perform useful functions. On account of the 
heterogeneity of thetr activity, their study is very important, and the presence in 
cultures, particularly of those from the respiratory tract, must be interpreted with 
great care. 

Morphology. Streptococci are typically round Their multiplication in one plane only 
results in the formation of chains which may be long or short. They often occur as 
diplococei in blood media, and sometimes on solid media as well, but in fluid media the 
chain formation is striking. They are usually Gram-positive, There is an extraordinary 
difference in size in various strains, and many of them, especially in old cultures, show 
bizarre, elongated, or club-shaped forms. Occasionally capsules can be demonstrated on 
pathogenic strains. 
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Arrangement o£ cocci. Drawing, Naval Medical School (a) Staphylococci, (b) Streptococci 
(c) Diplococci 


Cultural Characteristics. Most streptococci are aerobic Some, however, are strictly 
anaerobic and others require a partial oxygen tension They grow best at about 37“ C on 
media enriched with blood or scrum On agar plates the surface colonies are small, 
grayish, and round, while deep colonies are lenticular in shape. The appearance of the 
colonies on blood agar (free from carbohydrates) is quite characteristic, and forms the 
basis for the differentiation into the following broad groups (Schottmueller, Brown) : 

1. Hemolytic group (beta type) Colonies surrounded by a dear zone of hemolysis. 

2. Viridans group (alpha type). Colonies green with a surrounding greenish discolor- 
ation of the blood agar, owing, presumably, to the formation of hydrogen peroxide and 
methemoglobin. 

3 Nonhemolytic group (gamma type) Colonics grayish No change in the surrounding 
medium. 

In broth many streptococci tend to form a flocculent growth which adheres to the side 
of the tube, and after three or four days falls to the bottom. This tendency to flocculation 
causes difficulty in evaluating the results of agglutination tests Frequent transfers on 
special media may be necessary to minimize this spontaneous clumping but this may re- 
sult in a change in the characteristics of the cultures The optimum pH for cultivating 
pathogenic streptococci is 7 A to 7 6, and the most favorable temperature is appro\imately 
37“ C. Some freshly isolated strains will not grow unless the medium is enriched with 
scrum or blood. Addition of a small amount of glucose (0.1 to 0 5 per cent) to an or- 
dinary meat infusion medium may facilitate growth of such strains Milk is acidified and 
usually coagulated. 

Many of the carbohydrates arc fermented, generally without gas formation In testing 
these reactions it u necessary to add the sanous sugars to meat infusion broth (or agar 
medium) which has been made sugar free The addition of an indicaior such as brom- 
thymol blue to the medium facilitates the reading of the reaction Species differentiation 
of streptococci has been attempted by testing their action on lactose, mannitol, and 
saticin Correlation of these btochemtc activities with serologic reactions will be discussed 
under the heading Classification and Biotope Properties As a rule pathogenic strains for- 
ment lactose and sahcin, and the enterococci ferment mannitol Streptococci do not fer- 
ment inuhn, though a few nonhemolytic strains are exceptions to this rule. 

Differentiation from the Pneumococcus. The most important criterion in differentiating 
streptococci from pneumococci is the solubility of the pneumococcus in bile To carry 
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but this test, to 2 ml. of a 24-hour broth culture of the organism about 0.1 ml. of bile 
(or a 10 per cent solution of sodium taurocholate) is added. The mixture should remain 
m the incubator for one-half hour. Streptococcus cultures remain unchanged, whereas the 
turbidity of the pneumococcus culture dears up. The solution can also be observed in a 
hanging-drop preparation. Control tubes with known bile-soluble and non-bile-soluble 
cultures should be included. 

Variation, Todd has described dissociative changes in hemolytic streptococci after pro- 
longed cultivation on artificial media. When freshly isolated the colonies are "matt-sur- 
faced,” later they become smooth and glossy This change is accompanied by a permanent 
loss of virulence, although the production of the hemolysin is not affected. The "matt” 
colonies appear "rough” (R) and the “glossy” colonies appear “smooth” (S). In strepto- 
cocci, virulence is usually associated with the “matt” form. Recently Loewenthal has re- 
ported that the matt-surfaced colonies are changed by mouse passage into a mucoid form 
as the virulence of the streptococcus for mice is enhanced. 

Classification and Biologic Properties 

For well over 50 years the classification of streptococci has been a challenge to bacte- 
riologists. The problem has been approached from many angles. Separation of streptococci 
into three groups on the basis of reaction on blood agar (Schottmueller, Brown), as 
described on pp 31-33, has given a practical working basis for many years. Differen- 
tiation by fermentation has been found to be of secondary importance. The reaction of 
streptococci to various types of bacteriophage (Lancefield, Evans) has an interesting 
significance when considered in the light of other findings. 

Agglutination studies with streptococci have been complicated both by a marked tend- 
ency to spontaneous clumping and by cross reactions. However, by a special slide agglu 
tination technic Griffith identified 27 types of hemolytic streptococci 

More recently Lancefield has used extracts of massive cultures of streptococci in precipi- 
tation tests with monovalent rabbit sera She found that streptococci hill into fairly dis- 
tinct groups, each group possessing a specific antigenic substance which differs chemically 
from the specific antigenic substance of other groups Other specific substances for dis- 
tinguishing types within the groups have been demonstrated by a similar technic. Lance- 
field’s classification of the beta hemolytic streptococci has been widely confirmed and 11 
groups have been described. These groups are designated by capital Arabic letters which 
must not be confused with the Greek letters used by Brown to denote the type of 
hemolysis. 

It is interesting to note that by means of Lanccfield’s groups other classifications of 
streptococci become correlated, and that the groups have epidemiologic significance "‘"be 
groups of medical importance are as follows- 

Group A includes most of the beta hemolytic strcpiococci that are primarily pathogenic 
for man. Streptococcus pyogenes, the typical species, is probably responsible for a larger 
list of diseases than any other microorganism. All strains yield the group-specific C (car- 
bohydrate) substance which is the characteristic component of this group. Griffith's types 
within group A can be distinguished by precipitin tests with the M substance, from 
malt \anants, which is protein in nature Type specificity, M substance, and virulence arc 
associated m streptococci. A "T" substance, also associated with type, may be found in 
both matt and glossy strains. 

Group A streptococci ferment trehalose as well as lactose and salicin, hut not mannitol 
nor sorbitol. They are resistant to filtered “Phage B,” but sensitise to the nascent phage 
In addition to hemolysin, they may produce leukocidin, human fibnnolysin, and the erytfi- 
rogenic toxin which causes the characteristic rash in scarlet fever. 

Streptococci of group B also produce beta hemolysis These microorganisms are pri- 
marily bovine in ongin. Their group-specific substance is also a carbohydrate, but chemi- 
cally different from the C substance of group A In group It the t) pc-spccific antigen. 
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called the "S" substance, is likewise a carbohydrate Swains of this group will hydrolyze 
sodium hippurate and are sensitive to Phage D 
Group C, also comprised o£ beta hemolytic streptococci, includes strains pathogenic 
for both animals and man. The human strains ferment trehalose but not sorbitol, produce 
human fibrinotysin, and are sensitive to Phage B fihratr. The group-specific and type- 
specific substances are different from those of groups A and B 
Group D contains the enterococci which may or may not be beta hemolytic. Mannitol 
is fermented by strains of this group. Characteristic group-specific and type-specific sub- 
stances ate obtained here also 

No group-specific antigens ha\c been obtained from the viridans group or from the 
anaerobic group of streptococci. 

Susceptibility to Drugs and to Antibiotics. Sulfanilamide (para-amtno-ben- 
zenc-sulfonamide) and many of its derivatives exert a bacteriostatic effect on the 
growth of hemolytic streptococci tti vitro, and also a protective and curative action 
m most hemolytic streptococcus infections. Hemolytic streptococci are also sensi- 
tive to penicillin as a rule. Enterococci and some members of the viridans group 
arc resistant to these agents. Other viridans strains are moderately susceptible to 
penicillin. 

Hemolytic Streptococcus Imfectioss 

Most of the hemolytic streptococci which cause disease in man are of group A, 
although some are of group C. They cause inflammations which are diffuse and 
phlegmonous in character with tissue necrosis rather than pus formation, whereas 
the staphylococci, as a rule, produce circumscribed, purulent lesions. The ordinary 
follicular tonsillitis is frequently caused by streptococci of this type, and severe 
epidemics of sore throat have been spread by contaminated milk from cows whose 
udders were infected by human carriers of these streptococci Erysipelas is caused 
by streptococci of this group. These microorganisms arc frequently secondary 
invaders in diphtheria, tuberculosis, smallpox, and even in typhoid fever, and 3re 
the most common cause of the severe bronchopneumonias which may follow the 
acute infectious diseases, particularly measles and influenza. 

Hemolytic streptococci are frequently the cause of wound infections, of otitis 
media, mastoiditis, and sinus thrombosis, and of puerperal infections A rapidly 
fatal septicemia with or without a meningitis may result from any of these con- 
ditions. Hemolytic streptococci of other groups cause various diseases peculiar to 
animals, such as “strangles" m the horse (-S. cqui of group C), and contagious 
mammuis in cows (S. agalactiac of group B) 

SCARLET FFVER 

As catty as 1886 Klein gave the name Streptoeoccut icarlaunae to those strains 
that he found m the throats of scarlet fever patients. Evidence associating strep- 
tococci with this disease accumulated, ami in 1923 the Dicks produced typical 
scarlet fever in volunteers with their S. tcarlattnae which they considered specific 
in causing it. Later studies during the ensuing years have shown that a numl>cr 
of Griffith’s types of Lancefield's group A can lie associated with scarlet fever. All 
of these produce an erythtogcnic toxin which is responsible for the rash as- 
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sociated with this infection. Although many workers consider S. scarlatinae as a 
definite species, it is generally included in S. pyogenes. 

The toxin can be demonstrated in Eerkefeld filtrates of broth cultures by injec- 
tion intradermally into susceptible individuals, producing a characteristic skin 
reaction in them. The toxin is standardized by determining the minimum amount 
which, when injected intracutancously, will induce a certain standard reaction. 

The Dick Test. This test is used to determine susceptibility to scarlet fever and 
is carried out in the same manner as the Schick test for diphtheria. Over 80 per 
cent of adults give a negative reaction to the toxin and have, therefore, a natural 
antitoxin (and perhaps other antibodies) in the blood. The reaction to the test 
is usually positive during the early stages of scarlet fever and gradually becomes 
negative during convalescence. 

A saline dilution of the standard toxin with a potency of one skin-test dose in 0.1 ml 
is used. This is in/ected intradermally in the flexor surface of the forearm. Positive reac- 
tions appear in from 4 to 12 hours and are read within 24 hours, preferably in the 
eighteenth hour At the height of the positive reaction there is a circumscribed area of 
redness and infiltration varying from 1 to 3 or 4 cm. in diameter according to the sus- 
ceptibility of the individual. A reacuon which has enurely faded in 24 hours is negative. 
Pscudoreactions are rare in children and controls are not necessary. 

Immunization. An active immunity can be produced by four or five subcutaneous in- 
jections of increasing doses of the toxin at weekly intervals (Gabritschewsky, the Dicks) 
The most recently adopted dosage for this purpose is: (1) 650 S.T.D ; (2) 2500 S.T.D.; 
(3) 10,000 S.T.D. , (4) 30,000 STD.; (5) 100,000 to 120,000 S.TD. Severe reactions may 
occur. Three weeks after the last injection the presence of antitoxin is ascertained by 
another Dick test. 

Immunity to the toxin is more easily acquired and more lasting than the immunity to 
the streptococci themselves, consequently persons may contract severe infections due to 
these strains of streptococci without developing a rash. In fact, septic sore throat may be 
the same disease without the rash and the subsequent desquamation. 

Schultz-Charlton Reaction. Antiscarlatinal serum or convalescent serum (0.1 to 0 2 ml.) 
injected intradermally in an erythematous area will cause a definite and permanent 
blanching of the surrounding scarlatinal rash within five or six hours. This phenomenon 
is due to a local neutralization of the toxin It occurs only in the scarlet fever exanthem 
and is, therefore, a useful diagnostic test in doubtful cases. 

Serum Treatment. By immunizing horses with toxic filtrates of scarlet fever strepto- 
cocci an immune serum can be obtained which is used for prophylaxis and treatment. 
This is standardized by its ability to neutralize a given amount of toxin. One unit is the 
smallest amount which will neutralize 50 skm-test doses of a standard scarlatina! strep- 
tococcus toxin when compared with the standard antitoxin. A Dick-positive individual 
may be rendered Dick-negative within 24 to 48 hours by a prophylactic dose, but the 
protection conferred lasts only for from two to four weeks. Moser, Dochez, and later the 
Dicks, found that immune serum was effective, when given early, m causing a disap- 
pearance of the scarlatinal rash and in relieving symptoms. The dosage recommended is 
from 9000 to 10,000 units, or more in severe cases. Convalescent serum obtained from 
the fourth to the seventh week has also been used intramuscularly in doses of 50 to 100 
ml. Immune serum must be giv en early to be effective, certainly not later than the fourth 
day. It appears to be of no use after complications have developed. 

Sulfonamide and Penicillin Therapy. Sulfonamides and penicillin are useful in con- 
trolling the infection but do not neutralize toxin that has been formed. 
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RHEUMATIC FEVER AND RHEUMATIC ARTHRITIDES 

The pathogenesis of rheumatic fever and of the rheumatic arthritides is un- 
known. The mechanisms through which group A hemolytic streptococcus infec- 
tions may take part m the process are correspondingly obscure. 

Attacks of rheumatic fever and the onset and exacerbations of some types of 
arthritis are frequently preceded by acute hemolytic streptococcus infections, often 
of trivial character. In such instances the development of rheumatic manifestations 
is associated with no characteristic modification in the pattern of demonstrable 
circulating immune substances, produced apparently in response to the hemolytic 
streptococcus infection. The immune substances may include antistreptolysins 
“O” and “S" (a lowering of the “S” titer is said to characterize the acute stage 
of rheumatic fever), and antifibnnolysms, as well as agglutinins, prcciptuns for the 
type-specific M substance, complement-fixing antibodies, and opsonins. 

During rheumatic fever, hemolytic streptococci may or may not be demonstrable 
in throat, nose, or other focus, and are rarely found in the blood stream. They are 
found much more frequently during the antecedent infections. Discrimination 
should be used in ascribing a causal relationship to any strains of hemolytic 
streptococci isolated from the patient during the usually protracted course of 
rheumatic disease, as the appearance of such strains may be incidental A study of 
such organisms in relation to the circulating antibodies should give information 
in such a case. No criteria serve to distinguish those strains which appear to be 
associated with rheumatic disease. 

Nevertheless experience has shown that avoidance of streptococcus infections 
constitutes an effective measure of prophylaxis. 

Currently, the hypothesis that rheumatic disease constitutes a hypersensitive 
reaction to products of hemolytic streptococci is lavored. This is based in part 
on ihc resemblance of the arterial lesions in rheumatic fever to those in other 
diseases generally believed to be allergic, such as serum disease and severe reaction 
to sulfonamides. 

CUOMERUUAR NEPHRITIS 

Imlitcct evidence of a character similar to that manifest in rheumatic disease 
indicates that beta hemolytic streptococci arc probably the cause of many cases of 
acute glomerular nephritis. This latter disease is often associated with, or quickly 
follows, acute infections with these streptococci, particularly scarlet fever and acute 
follicular tonsillitis. Such patients often have a positive shm reaction to toxic 
filtrates of hemolytic streptococci and show a high tner of antistrcptohcmolysms in 
the blood (Longcopc, 1929, 1936). Winkcnwcrdcr ct al. (1935) found that in the 
acme cases which have followed an acute infection, recovery was the rule, hut when 
associated with a chronic or recurring infection the nephtms was progressive, 

NoNllr-MOLYTtC AND VlRlDSNS STREPTOCOCCUS INJECTIONS 

Nonhemolytic and virtdans streptococci are frequently the cause of infections 
of the tonsils, sinuses, middle car, and teeth, 3nd aho of the gall bladder and 
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appendix. The lesions produced are of a more chronic type than those due to 
hemolytic streptococci, and arc frequently overlooked. The great importance of 
these infections is the part which they play in the various focal infections. Other 
organisms may also be concerned, but streptococci arc by far the most important' 
ctiologic agents. 


SUBACUTE BACTERIAL ENDOCARDITIS 

This is the most serious disease due to human strains of streptococci other than 
those causing the beta type of hemolysis. The portal of entry of the organism is 
presumably some chronic focus of infection, probably most often infected teeth 
or tonsils. In some cjscs the endocarditis has started acutely immediately after a 
tonsillectomy or a tooth extraction. Operative procedures affecting such foci 
rather regularly provoke transient hactcrcmia although endocarditis is rarely estab- 
lished. In the latter instances the organisms lodge in the heart halves; individuals 
who have experienced rheumatic fever are relatively highly susceptible. This 
susceptibility is probably due to altered immunologic reactivity of the tissues 
rather than a localization due to previous damage, because relatively sound valve 
leaflets may be involved in preference to those which show rheumatic lesions. 
The microorganisms live and multiply in the heart valves in vegetations m which 
they appear to be protected from the leukocytes and antibacterial substances in 
the blood Embolic phenomena are frequent; arthritis may occur, although without 
suppuration such as may occur in other forms of sepsis. The disease may last for 
months or even several years, and remissions arc not infrequent, but the outcome 
is almost invariably fatal, unless energetic treatment is undertaken with an ap- 
propriate bacteriostatic substance such as penicillin. The organisms are present in 
the blood stream and may be grown from the blood by the ordinary technic. 
Growth is usually slow, and colonics appear in the plates as a rule in two or three 
days, occasionally only after five or six days. During the remissions the bacteria 
may disappear from the blood, and repeated blood cultures may be necessary to 
demonstrate them. In the later stages they may be present in the blood in enormous 
numbers, sometimes many thousand per ml. A positive blood culture, however, is 
not necessarily serious if the heart is normal. Even in rheumatic individuals, growth 
of a few streptococci in blood culture does not justify a definite diagnosis of 
bacterial endocarditis except in the presence of embolic phenomena or other 
clinical manifestations of the disease. Other organisms (Pfeiffer bacillus, pneu- 
mococcus, gonococcus, etc.) may cause a similar clinical picture in about 5 per 
cent of the cases. This condition is easily differentiated from sepsis and endo- 
carditis due to hemolytic streptococci (occasionally staphylococci and pneumococci) 
in which the clinical picture is that of a fulminating infection. The origin of the 
infection (infected wounds, mastoiditis, puerperal sepsis, etc.) is usually evident. 
Blood cultures determine the type of organism concerned. 

Infections Due to Anaerobic Streptococci and Enterococci 

Pathogenic anaerobic streptococci have been isolated in a number of conditions, par- 
ticularly lung abscesses, often in associauon with the spirochetes and fusiform bacilli ot 
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Vincent. They have also been found in the blood in puerperal sepsis {10 per cent to 40 
per cent). Studies made by Colebrook (1930) showed that these strains were serologically 
heterogeneous, and that some of them produced fetid gas when blood was present in the 
medium. Several species have been described. 

Enterococci arc found m the human and animal intestine. They has e a high resistance 
and a wide temperature range of growth, hence they are found in nature under diverse 
conditions. They fall into Lancefield’s group D. Some produce beta hemolysis, and most 
of them ferment mannitol Their pathologic significance is uncertain, although they have 
been incriminated in oulbreaks of food poisoning Bargen’s coccus, described as occurring 
in chronic ulcerative colitis, is apparently a member of this group * 

Pneumococci 

Diplococcus Pneumoniae (The Pneumococcus of Fraen\el) ( Pasteur and 
Sternberg, 1881, Fraenf^el, 1884). The pneumococcus is by far the most common 
cause of lobar pneumonia (over 90 per cent) and may also cause bronchitis, 
bronchopneumonia, conjunctivitis and corneal ulcers, otitis media, brain abscess, 
meningitis, endocarditis, arthritis, peritonitis, and other conditions. It is frequently 
present m the normal mouth. 

The following table (p. 2, HelTron’s "Pneumonia," 19391 lists the organisms isolated 
from 3319 cases of lobar pneumonia 
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Morphology* The pneumococcus in body fluids ami in cultures m albuminous media 
appears as two lanceolate bodies with bases apposed (less frequently os al and rarely 
round) set in a capsule. In cultures on plain media it does not show a capsule Short 
chains occur which arc obi musty made up of diptococci Capsules are easily demonstrated 
by special stains The organism is Cram positive 

Cultural Charact eristics. The pneumococcus does not grow at temperatures below 
20* C. On plain agar it grows in srr> small dewdrop colonies which are slightly grayish 
by reflected hghr It is best cultivated on blood or scrum agar (pH 76 to "*) I Jeep 
colonies in blood agar show a rone of oh* e-green discoloration around each colony, 
whereas colonies on the sutfacc look green by transmitted light, owing to alteration of 
the blood pigment There is great sanation in the tmoothness of the surface of the 
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Pneumococci with capsules Drawing, Naval Medical School. 

colonics, depending upon the size of the capsules. Pneumococci which have large cap 
sules produce smooth, often sticky colonies, whereas pneumococci with small capsules 
produce small, rough, granular colonies which may resemble closely those of the Strep* 
tococcus vmiant Some strains always show capsules, others are variable. Often the 
presence of a capsule is related to environment, ie., capsules are more easily demon- 
strable in organisms taken from various body fluids, or from culture media containing 
serum or whole blood Some colonics are flat and concentrically ringed, resembling a 
"checker man.” 

The pneumococcus ferments many common sugars, and also inuhn, with the produc- 
tion of a considerable amount of acid. It grows readily in meat infusion broth with a 
pH of 7 6 to 7 8, causing a diffuse clouding of the medium If grows profusely in media 
containing sugars, but is very quickly killed by the acid produced by their fermentation 
unless this is neutralized. Litmus milk is acidified and usually coagulated 

Viability. On ordinary media the pneumococcus loses its virulence and quickly dies 
unless transferred often The best media for its preservation are highly buffered fluids 
such as blood, blood serum, or media containing these body tissues. In these virulence 
is well maintained, and if kept in the icebox the cultures usually remain viable for several 
weeks. To maintain strains in a smooth phase, and virulent, it is best to pass them 
through mice once a week. They may be kept alive and virulent for several years if dned 
and sealed under a vacuum. 

Differentiation from Streptococcus. The pneumococcus can be distinguished from the 
Streptococcus vtndons by its fermentzuon of tnuYm and especially by its solubility W bsk 
(or 10 per cent solution of bile salts). It must also be distinguished from the pneumo- 
bacillus of Fnedlander which, although it possesses a capsule like the pneumococcus, is 
a Gram-negative bacillus 

Types of Pneumococci. The differentiation of pneumococci into serologically distinct 
types by Neufeld, by Dochez. and Giliespie, and by Cole and his colleagues, was of great 
practical importance Originally Cole divided pneumococci into four groups. Groups I, 
11, and III were termed the fixed types: types 1, 2, and 3. Heterogeneous group IV 
included all pneumococci which did not belong to the three fixed types. Later work by 
Cooper and others resulted in the differentiation of group IV into many other types. On 
the basis of immunologic reactions the pneumococci have been divided into as many as 
75 types All are not of equal importance. During a two-year nation-wide study, W' 
eluding more than 22,000 type-determined cases of lobar pneumonia, 10 types (I, 2, 3, 

4, 5, 6, 7, 8, 14, and 19) accounted for 74 6 per cent (Rumreich et al.). The following 
table shows the relame incidence of these JO types according to data obtained by Finland 
(1942). 

Since 1939 commercial diagnostic and therapeutic antiserum has been available for 3- 
types. 
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Table 4 
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Many normal individuals carry pneumococci m their throats The types of these bac- 
teria depend to a great extent upon the enuronment and contacts Many of them are 
avirulent, although highly virulent strains may occur in normal throats also 
Specific Polysaccharides. Avery and Dochcz and others have isolated from the capsu- 
lar material of many types of pneumococci typc-specific soluble substances which chemi 
cally are complex polysaccharides. The polysaccharide of each type differs chemically from 
that of every other type, and the type-specificity depends upon this chemical difference. 
Without these capsular substances all pneumococci are immunologically alike. Although 
the specific soluhte substance is not directly toxic for animats, it endow s the pneumococci 
with their virulence and invasive power It neutralizes completely in vitro and in tiro 
the protective power of the homologous immune scrum. It is found in the blood serum 
and body fluids during the active stage of the disease and disappears with recovery 
It is probable that the body defends itself against the pneumococcus by ihc production 
of an anticarbohydrate antibody The outcome seems to depend primarily upon the 
relative quantity of specific soluble substance produced by the organism and of the anti- 
body produced by the host If sufficient antibody is produced, it neutralizes the specific 
soluble substance in the body lluids and in ihe capsules of the organisms These bacteria 
arc thus virtually degraded into forms which arc phagocytablc. h haj been demon- 
strated by Dochcz, Clough, and others that the serum of patients at crisis shows specific 
protective power, agglutinative and phagocytic activity for the infecting type. 

Avery and Dubos (1910) extracted from a bactenum isolated from a peat bog an 
enzyme vs Inch exerted a specific lytic action on the capsular polysaccharide of type 3 
pneumococcus. Tins enzyme destroyed their capsules and rendered the organisms avirulent 
and phagocytablc. On injection n not only proiccird mice from virulent type 3 strains 
but exettrd some curative action m experimental infection Tim enzyme u neither 
bactericidal nor bacteriolytic but only deprives the type 3 pneumococci of their capsules, 
hence its therapeutic usefulness is very limited. 
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The immunizing properties of these specific polysaccharides have been investigated by 
several groups of workers, notably Felton, Francis and Tdlcit, and Heidelberger, McLeod 
and their collaborators Experimental vaccination, by this last group, of over 17,000 volun- 
teers in the Air Force Technical School gave results that show promise. 

Virulence, Many types of pneumococci, when freshly isolated, are extremely virulent 
for laboratory animals, especially mice and rabbits. One millionth of l ml. of a broth 
culture when injected subcutaneously or imrapentoncally into a mouse is often sufficient 
to kill n in 24 to 48 hours At autopsy the peritoneal cavity is teeming with organisms, 
and they can be recovered from the heart's blood After prolonged cultivation on arti- 
ficial media the virulence is much diminished but may often be restored by animal 
passage. 

Variation. Griffith, Dawson, and others changed smooth pneumococci of the fixed 
type (S form) into rough pncumoco-cci corresponding to the R form by growing the 
fixed types in thetr homologous immune serum or, less easily, by grossing them under 
unfavorable cultural conditions. These so-called “degraded" strains had hulc or no 
capsular substance, were relatively avirulent, and did not react with the type-specific 
antisera. These investigators then changed these degraded strains into their original type 
or into other fixed types by injecting them subcutaneously into mice together with a 
fixed-type vaccine or a solution of an alcoholic precipitate of extracts of the specific 
soluble substance The degraded forms then changed to the type of pneumococcus from 
which the vaccine was prepared; or, if not sufficiently degraded, reverted to their original 
type, with a corresponding increase m capsular substance and virulence. More recently 
Avery, MacLeod and McCarty (1944) have isolated from type 3 pneumococci an active 
substance apparently responsible for this transformation. When purified it was found to be 
a highly polymerized viscous form of desoxyribonucleic acid, with no demonstrable 
protein, carbohydrate, or lipid Under appropriate conditions this fraction, in extremely 
minute amounts, has been shown to be capable of transforming unencapsulated R 
variants of type 2 pneumococci into fully encapsulated cells of type 3. 

Laboratory Diacnosis and Type Determinations 

Pneumococci arc recovered from many sources The materials most often examined 
are sputum, pleural exudate, blood, cerebrospinal fluid, and pus from middle-ear or 
mastoid infections It is highly desirable, if possible, that the samples for study be col- 
lected before the patient has received either drug or scrum therapy. If any of the Sul* 
itmttrroAta Vast ’oven gvivn \V<t wWoVran tA *pior«<miatijkAt?axt& ttcA to *<bit cfiltusc 
medium (5 mg per 100 ml ), as suggested by Janeway (1941), may result in growth of 
the pneumococcus. 

It is well, first of all, to make a Gram-stained smear of the sample to determine the 
presence of the typical diplococci, their approximate number, and the presence or ab- 
sence of contaminants. From the appearance of such a preparation the bacteriologist 
can usually determine whether or not the pneumococci may be typed directly by the 
Neufeld capsule-swelling technic, and whether isolation of the organisms should be 
accomplished by streaking the material on plates or by mouse inoculation. 

Blood Cultures. Pneumococci arc frequently found m the blood, although they Way 
not be abundant. Routine blood cultures give valuable information in diagnosis and 
prognosis. It is important to obtain an adequate sample of blood and to dilute it suf- 
ficiently with the medium; le, 10 ml blood in 100 ml. meat infusion broth. Addition 
of 0.1 per cent glucose encourages growth. Such cultures should be kept for several days 
as growth may be slow. 

Isolation from Sputum. Ir is important to obtain the sample of sputum from the deeper 
air passages. With children and other patients who may be unable to raise a suitable 
sample from the lungs a pharyngeal swab may be used Many mouth contaminants may 
be eliminated by washing the chosen particle of sputum in saline. The material may 
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then be streaked upon bJood agar plates, which are examined after 18 to 2 A hours of 
incubation for typical green-zoned pneumococcus colonies. 

If the Gram-stained smear has shown very few typical cocci, or if contaminants are 
numerous, the washed sputum may be emulsified m sahne, or ground up in a sterile 
mortar, and 05 ml. injected in tra pent on tally into a white mouse. The mouse is so 
highly susceptible that the pneumococci usually rapidly outgrow other bacteria Peritoneal 
fluid may be removed i or examination by means of a capillary piper, it will often contain 
enough pneumococci for typing wnhm three to five hours 
If mice are not available Av ery’s “artificial mouse" may be used. This is a tube of beef 
or beef-heart infusion broth of pH 7 8, containing 0 3 per cent glucose and 5 per cent 
blood (preferably, although not necessarily, from a rabbit) It is inoculated with the 
emulsified sputum and incubated at 37* C. and examined frequently As soon as the 
Gram-positive cocci become sufficiently abundant they are typed 
Thu broth culture and the mouse peritoneal fluid m3y be inoculated on blood agar 
plates if a pure culture is desired for future study 
Each of these three methods has its special advantages and disadvantages Direct 
plating on blood agar reveals the other bacteria that may be present as welt as the rela- 
tive number of pneumococci The mouse method suppresses these other bacteria and 
facilitates the growth of abundant pneumococci. The artificial mouse is a good medium 
for contaminants as well as for the pneumococcus 
Isolation from Other Materials. Pleura! exudate in pneumonia, cerebrospinal fluid 
from meningitis, pus from otitis media and mastoiditis, or swabs from throat and conjunc- 
tiva are commonly streaked on blood agar plates and typical colonies studied 
Determination of Type. Neujcld't capsule-welling (" QueUnng ") reaction is the 
method of choice, and has, for practical purposes, displaced other means of typing 
Neufcld first observed that when the pneumococcus is treated with its homologous serum, 
the capsule of the organism becomes greatly swollen, the so-called "Quellung reaction." 
This swelling may affect also the capsular substance between the two elements of the 
diplococcus, so that they are more widely separated This swelling does not occur with 
heterologous sera This phenomenon has been utilized to determine the type of pneumo- 
coccus directly from the sputum The technic may be used for materials from other 
sources and also for cultures. The proceduce is essentially as follows A small (about 
1 mm in diameter) loopful of sputum ts placed on a clean coverslip A large (4 to 5 mm 
in diameter) loopful of the typing serum » added, and a small loopfui of methylene 
blue; these are mixed thoroughly. The cosershp is inserted on a clean glass slide, tad 
enough pressure used to make a thin, e'en film between the tv. a layers of glass. Thu 
preparation ts allow ed to stand for a few minutes, preferably in an unproused moist 
chamber (i e., a Priri dish coniainmg a piece of wont filter or blotting paper), so pre- 
vent drying. It is then examined under the oil-immersion lens with the light partially 
cut down A positive reaction is indicated by a clearly outlined unstained area, having 
a "ground glass" appearance, surrounding the dark blue pair of cocci The sharpness 
of outline of the capsule is of mure importance than the degree of swelling, for some 
pneumococci have very narrow capsules tf no capsule swelling is observed within a few 
•minutes she preparation, in a ntotst chamber, maj be incubated for about 30 minutes If 
no pasiitve reaction develops some of the material should be inoculated into a mouse 
or into a tube of A' cry’s broth If pneumococci arc present typtng can be done with the 
peritoneal exudate or culture 

If dccssive results are not obtained by capsule swelling a pure culture of the suspected 
pneumococcus should be obtained and studied for bile solubility and inulin fermentation. 
Tor testing bile solubility, 0 1 ml lute or a 10 per cent solution ol bile salts is added 
to 0 4 ml. broth culture The inoculated culture medium is incubated at 37* C and 
observes! every 15 minutes fur an hour Adequate controls should be included. A pure 
culture of pneumococcus should dmohe «n the bile 
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Although the capsule-swelling technic seems simple, it requires skill and experience"-' 
for its accurate interpretation, and reliable materials arc a necessity. The typing sera art-, 
prepared m rabbits The reaction is a quantitative phenomenon and suitable proportions * ' 
of reagents must be used. Too many pneumococci may result in agglutination or in - 
absorption of the antibody by the specific soluble substance present. Sometimes several : 
loopfuls of scrum are needed With practice, skill and judgment can be developed. 

Obviously, testing each sample of sputum with 32 to 75 typing sera is inconvenient. ■ 
Pools of sera (“A” to “F’ inclusive) are available with which the material can first be 
examined. If a positive reaction is obtained in one pool, the sputum may then be tested 
with sera representing each type in the pool. Both typing and pooled sera can be obtained 
from manufacturers of biologic products. Minimum requirements have been established - ‘ 
for these diagnostic sera (National Institute of Health, Washington, D.C.). 

It is always possible that the organism found may be a pneumococcus of a type not 
represented in the sera With some samples of sputum positive- reactions will be obtained 
with sera of more than one type. Certain types arc related to each other, and, in such 
cases, a crossing may be expected to occur. On the other hand, there may actually be two 
types of pneumococci in the specimen In such a case a second sample should be ex- ' 
amined, and an attempt made to find out, by blood culture and by mouse passage, 
which type is the etiologic agent. 

Type Determination by Precipitation This may be done with any material which 
contains sufficient specific soluble substance of the pneumococci, as, for example, urine, 
blood, cerebrospinal fluid, extracts of sputum, the supematanc fluid of centrifuged 
mouse peritoneal washings, or culture filtrates Although such precipitin tests are not 
commonly done, such a icchruc may be very useful in samples in which pneumococci 
have become scarce or autolyzed, or when the matcnal is greatly contaminated. To 
perform such a test the clear fluid, presumably containing the antigen, is carefully layered 
over the scrum in a small precipitin tube. A “ring” of precipitate at the junction of die 
two fluids indicates a positive reaction. 

Treatment of Pneumococcus Infections 

Therapeutic sera are available for 32 types of pneumococci. There are official standard 
sera for comparative evaluation of those for types 1, 2, 5, 7, and 8, and minimum re- 
quirements have been established for those of types 3, 6, and 9 to 34 (omitung 26 and 3d). 
Almost all of these antisera are now prepared m rabbits (Horsfall and Goodner, 1936) 
and are concentrated These rabbit sera possess many advantages over the horse sera 
formerly used They are usually given intravenously. In a classification involving so many 
types confusion is avoided by use of arabic numerals. 

These specific sera have been very effective in lowering the mortality in pneumococcus 
pneumonia, but the results with sulfonamide therapy and with penicillin have been so 
outstanding that serum therapy ts little used at present Drug therapy is much more 
convenient and far less expensive A combination of chemotherapy and serum therapy 
is sometimes advisable. It is important to know the type of pneumococcus and if a 
bacteremia is present. Specimens of both sputum and blood should be collected for 
such typing before ihe drug is given, if possible. 

Chemotherapy. Chemotherapy is now a routine method of treatment. Many of the 
sulfonamides have been used successfully in pneumococcus infections, and especially 
the pneumonias. Sulfadiazine and sulfamera 2 inc are probably the drugs of choice at the 
present tune. 

Penicillin. This agent is proving most valuable in the treatment of pneumococcus 
infections. A special field of usefulness is found in infections involving various body 
cavities, since this drug can be injected directly into them and exert a local as well as a 
general action. In pneumococcus meningitis it is injected tntrathccaliy ; it can be given 
intrsspinally, intracistemally, or even into the ventricles in case of spinal block In, 
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empyema the pus removed by drainage may be replaced by penicillin, and a thoracotomy 
often avoided. Penicillin may be given intrapentoneally in pneumococcus peritonitis It 
may even be injected into the pericardium A combination of sulfonamide and penicillin 
therapy is sometimes used. 

Prophylactic Vaccines. These have been tried extensively, but the results have been 
inconclusive. MacLeod ct al (1945), however, in a carefully controlled experiment in 
a large military establishment, found that immunization with the capsular polysaccharides 
of four types of pneumococci largely eliminated pneumonia caused by these types among 
the vaccinated, although the incidence of pneumonia due to types not included in the 
vaccine was not affected. 

Sarcina Forms 

Sarcina forms of cocci are best observed in hanging-drop preparations, in which they 
can be seen as little cubes, like parcels tied with string By noting them when they are 
turning over it will be seen that they are different from the tetrads which divide in only 
two dimensions of space At times the packet formation is not perfect and it is difficult to 
distinguish such as saremae All saremae are Gram-positive If the staining of saremae 
be too deep it may obscure the lines of cleavage 
Various satcinae have been isolated from the stomach, especially when there is 
stagnation of stomach contents Saremae have also been found in the intestines In 
plates S, lutca is frequently a contaminating organism, since it is often present in the air 
The demonstration of sarcina morphology should always be made from liquid media 

Other Gram-positive Cocci 

It is convenient to divide all cocci which do not show chain or packet formation into 
two classes; namely, those which are Gram-positive and those svhich are Gram negative 
Gaffkya Tfetragena (Af tetragemis) Gafl^y, t68l This organism is frequently found 
associated with other organisms in sputum, especially with tubercle and Pfeiffer bacilli 
Smears from sputum ot pus show large cocci arranged in groups of fours surrounded by 
a broad capsule. In cultures the capsule is often absent. The colonics, which are rather 
slow-growing, are while, slightly smaller than those of staphylococci and are quite viscid. 
Gafilya tetrogena docs not liquefy gelatin but produces acid in glucose and lactose. 

, Milk is slightly acidified, and is usually coagulated in one to three days but the coagulum 
is not digested This microorganism may be responsible for abscesses about the mouth, 
especially the teeth Injected subcutaneously into mice, it produces a fatal septicemia 
in three or four davs and the blood shows great numbers of encapsulated tetrads. Its 
chief pathogenic role is that of a secondary invader, causing purulent inflammations. It 
ha i been reported as a cause of septicemia in man. 

Staphylococci 

The staphylococcus (Ogston, 18S1) is a round, Gram-positive coccus which di- 
vides ittegulatly into masses which have been likened to clusters of grapes. 
Staphylococci have been grouped roughly mto types according to their pigment 
production — Staphylococcia alb us. Staphylococcus aureus, and Staphylococcus 
cilreui — although this characteristic is a variable one. The Sixth Edition of Bcrgey’s 
Manual has placed the old genus Stapkylococcuc in the genus Micrococcus. Those 
staphylococci of chief medical interest are found under the species Micrococcus 
pyogenes, \ar. albas; Af. pyogencc. var. aureut, and Af. ci trass. Other micrococci 
may at limes I»c pathogenic also. Regardless of the new generic name these fa 
miliar microorganisms « ill no doubt be commonly called "Staphylococci." 
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S. alb us is commonly found on the skin, and in the nose and throat. It is occa- 
sionally pathogenic. A variety called S. epidermidis has been found in stitch ab- 
scesses. S. citrcus produces a lemon-yellow pigment in culture, and is only feebly 
pathogenic. S. aureus produces a golden-yellow colony, and is the common cause 
of various suppurating conditions. 

Cultural Characteristics. Staphylococci grow readily at room temperature but better 
at 37* C , on all the ordinary media. They acidify and coagulate milk, liquefy gelatin, 
and produce a uniform turbidity in broth. Glucose, lactose, and saccharose are fermented 
with the production of acid, but not gas. Coagulated serum media may be slightly lique- 
fied. Pigment production is especially abundant on potato. On blood agar there is a 
variable amount of hemolysis around the colonies Staphylococci are exceptionally resistant 
to desiccation, and cultures or dried pus may contain viable organisms for months. They 
are more resistant to heat than most vegetative forms of bacteria, and temperatures of 
58" to 60* C , for one-half hour may be required in the preparation of heat-killed vaccines 

Virulent staphylococci produce coagulase; nonvirulent strains do not. The coagulate 
test is rapidly coming into routine use in laboratories as a quick and practicable method 
of determining the potential pathogenicity of a given strain. No other bacteria are known 
to give this reaction Gillespie's (1943) modification of a method described by Fish (1940) 
is recommended as a simple technic for performance of the test. To 05 ml. of a 1 = 20 
saline dilution of human plasma (oxalated or citratcd) approximately 0.1 ml. of an IS- 
to 24-hour broth culture is added with a capillar}' pipet. After one and after three hour! 
of incubation at 37’ C. the culture is examined. It is then left at room temperature over- 
night and again examined With pure cultures a coagulum often appears within one-half 
to one hour. An emulsified agar culture of suitable opacity may be used instead of broth. 
Positive and negative controls should be included, as well as a sterile broth control 
when indicated The presence of glucose in the medium inhibits formation of a coagulum# 
as does the presence of proteus or hemolytic streptococcus organisms. 

Poured plates of a clear agar medium containing 20 per cent human plasma may be 
used for the coagulase test (Reid and Jackson, 1945). Numerous strains may be tested 
on one plate if small (4-mm ) areas arc heavily inoculated with growth from solid 
media. A positive reaction is indicated by a gray halo of variable diameter. Plasma from 
rabbits and from several other animals has been used. 

Variation. Hoffstadt and Youmans have dissociated smooth S. aureus cultures into 
rough forms and have obtained the small G type of colony composed of minute filtrable 
forms These dissociated forms differed from the original in the lack of pigment produc- 
tion, and of pathogenicity. 

Toxins. $ aureus and even some strains of S albus produce certain toxins in varying 
amounts. Filtrates of old broth cultures contain a ferment-like substance, leukocidm. 
which disintegrates leukocytes. Many of the virulent strains also elaborate a hemolysin 
which may be demonstrated in vtvo or in vitro A natural antileukocidin and anti- 
hemolysm may occur in normal blood and can be produced in animals by injection of 
the toxin. A tissue-necrotizing toxin has been found which produces a local Icrion in 
the skin, akin to an abscess, on intradermal injection. Certain strains elaborate a lethal 
toxin which causes sudden death on subcutaneous or intravenous inoculation. Whether 
these activities are different manifestations of the same toxin or of distinct substances 
is unsettled. 

Outbreaks of food poisoning due to a staphylococcus toxin from contaminated food 
are frequent. In staphylococcus food poisoning the incubation period is brief and the 
illness of short duration. The symptoms are nausea, vomiting, diarrhea, and prostration- 
If staphylococci are found in a suspected food, the toxin may be demonstrated by inject- 
ing filtrates of the culture intravenously (0.5 to 5.0 ml.) into healthy adult eats or ifltra- 
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perkoneally into kittens Vomiting is the characteristic reaction produced by the cniero- 
toxin. If the animal is given a meal before the injection the results will be more decline 
The entero toxin n relatively heat-stable, and other lethal toxins in the culture filtrate 
may be eliminated by selective h eating. The enierpJovm will not, h&wrw, withstand 
boiling. 

Pathogenicity. S. aureus and occasionally virulent strains of 5 dibits are the common 
cause of boils, abscesses and carbuncles, and other skin infections. Infections of the 
tonsils, sinuses, middle car, and mastoid are frequently caused by staphylococci From 
such infections the organisms may get into the blood stream and cause a septicemia or 
pyemia with multiple secondary abscesses in the kidney, liver, and other organs. Endo- 
carditis and suppurative lesions in the joints may occur. Osteomyelitis is most frequently 
caused! by the staphylococcus, which is carried to the bone by the blood stream from a 
distant focus Pyelitis and pyelonephritis may be due to this organism Long-continued 
infection may result m amyloidosis. Staphylococci may be responsible for pneumonia 
and pulmonary suppuration, and are frequently found in empyema Impetigo contagiosa 
and pemphigoid eruptions in children are often staphylococcal In the tropics, where re- 
sistance is often lowered and skin infections arc common, these infections often show 
great virulence, and long-continued fevers arc often staphylococcal septicemias Invasion 
of the blood stream by staphylococci occuts frequently as a terminal event or after death, 
so that these organisms are often found in postmortem blood cultures. A true septicemia 
due to S. aureus has a high fatality 

S. albus is a common contaminant of blood cultures, and when found must be regarded 
with great skepticism. However, it does (rarely) cause fatal septicemia 
Immunity. Injection of staphylococci into animals causes the formation of demon- 
strable antibodies including (with some strains) antitoxins Attempts have been made 
to separate staphylococci into groups by means of agglutination tests. Such groups, how- 
etcr, are not well defined, and do not correspond in virulence or pigment production. 

lulumelle and Wieghard (1934, 1935) isolated from staphylococci a complex antigenic 
protein common to all types, and two specific polysaccharide* (haptenes), one (A) com- 
mon to the pathogenic strains, and the other (B) present in the saprophytic strains These 
can be identified by means of precipitin reactions with the serum of rabbits immunized by 
injections of the whole organisms The pathogenic strains arc coagulate positive. 

Treatment of Staphylococcus Infections. Vaccines, toxin, and toxoid preparations have 
been useful in the ireaiment of some staphylococcal infections Autogenous vaccines 
seem to be more effective than those prepared from stock cultures Intracutaneous reac- 
tions to injections of toxin arc used as a test of susceptibility and an indication for treat- 
ment with toxin or toxoid. Serum therapy has been useless Recently, however, antitoxic 
sera which hold some promise base been obtained 
Bacteriophage therapy has been used in some staphylococcus skin infections and in 
cystitis due lo staphylococcus infection The bacteriophage is injected into the affected 
area and alio applied locally m the form of net dressings 
Such specific biologic therapy has now been largely supplanted by treatment with 
sulfonamides and antibiotics Among the suilonamides, sulfaihtarole and sulfadiazine are 
more elective with the staphjlococci than the others now in general use Many staphy- 
lococci arc resistant to these drugs, resistance acquired is apt to be permanent, and not 
associated with anv diminution of virulence (Spink ct at, 1945) Almost all staphylococci, 
both coagulasc-poMtiv e and coagulase-negativt, are susceptible to penicillin Occasional 
strains have a natural resistance which is relative and may be overcome by larger dove* 
Resistance may aim be acquired m mo and nr tit'o In infections due to strains resistant 
to crude penicillin it is well to consider the use of penicillin X, C., K, or F Jn aiaphvlo- 
coccus infections penicillin ts administered as m the pro musty discussed pneumococcus 
infections; jc , intravenously, into serous cavities, or locally Its use in early mteomyehtis 
may make operation unnecessary, in chronic cases it become* an adjuvant In septicemias 
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supplementary treatment with sulfonamides and transfusions is helpful. Penicillin com’ 
presses may be used in skin infections 

An enzyme called pentctUtnase is produced by resistant staphylococci as well as by 
some spore-bearing and Gram-negative bacilli. It neutralizes the action of penicillin. 11135 
enzyme may be put to very practical laboratory use by adding it to the medium when 
materials from penicillin-treated patients are to be cultured. 

Gram-negative Cocci — -Neisseria Group 
The organisms in this genus are Gram-negative diplococci which are character- 
istically flattened at their opposed surfaces so that they arc shaped like a biscuit 
or coffee bean. Two species are of great importance, the gonococcus and the 
meningococcus. Other members of the group 3re occasionally involved in infec- 
tions also, but they arc important chiefly because they may be confused with 
these two pathogenic species. 


Gonococcal Infections 

Neisseria Gonorrhoeae (Gonococcus) (Neisser, 1879). The gonococcus is the 
cause of gonorrhea, gonorrheal ophthalmia, and occasionally of systemic mani- 
festations such as gonorrhea! arthritis, endocarditis, meningitis, and septicemia. 

Morphology The organism is typically plano-convex or biscuit-shaped, although in old 
cultures or in secretions from chronic cases there is a tendency to involution forms In 
the secretions, gonococci are generally found grouped in masses of several pairs, most 
characteristically within the pus cells, or on epithelial cells, but they are also found ex- 
tracellularly They can usually be identified readily with a Gram stain 

Cultural Characteristics The gonococcus grows only at temperatures of from 30* to 
38* C., preferably 35* or 36* C.> in enriched media which are sufficiently moist It will not 
grow on plain media unless considerable pus is carried over m the inoculation. (For 
special media see p. 343 ) On chocolate or blood agar the colonies appear as small, dis- 
crete, dewdrop spots, at first round, and later showing a slightly irregular margin Cul- 
tures die out withm 4 to 10 days unless subcultured on suitable media or covered with 
oil. The gonococcus produces acid in glucose bur not in maltose, while the meningococcus 
produces acid in both 

Viability The organism is killed m five hours or less by a temperature of 42* to 45* C. 
and speedily by ordinary drying In moist smears of pus it may live for one or two days. 
When dried in vacuo from a frozen state, cultures of gonococci will live for many months. 

Serologic Differentiation Differentiation of gonococci has been attempted by dif- 
ferent investigators by means of agglutination tests, and a number of ill-defined groups 
have been found 

Pathogenicity Animals do not contract true gonorrhea, although local necrosis with 
some systemic reaction occurs on subcutaneous or intravenous inoculation, and immune 
sera can be produced 

Gonorrhea is the commonest of the venereal diseases. Its great importance from the 
public-health standpoint lies in the fact that an individual may remain infectious for yc» rs 
after the symptoms subside. In the male the gonococcus infects the urethra, and may in- 
vade the periurethral tissue, the prostate, seminal vesicles, and epididymis In the fe- 
male the favorite sites for the organisms are the urethra and the cervix uteri 
From here the infection may spread to the tubes, ovaries, and pelvic peritoneum. is 
one of the commonest causes of sterility in males as well as females. For diagnosis, 
separate smears should be made from the urethral meatus and from the cervical canal- 
The vagina of the adult does not provide a suitable sod for the development of gono- 
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cocci- In female children, however, the gonococcus produce-s a vulvovaginitis, which 1 $ 
extremely contagious, and in hospitals and institutions this infection may spread with 
great rapidity 

Laboratory Diagnosis Diagnosis is made by demonstrating the gonococci m 
smears from the urethral or cervical discharge and by isolating and identifying the 
organism in cultures. In the acute stage, when the discharge is abundant, gonococci 
are found in large numbers, chiefly m the pus cells; later on, in the chronic cases, 
the pus cells largely disappear, and the organisms are found in smaller numbers 
on the epithelial cells. In men, secretion must be obtained by massage of the pros- 
tate and seminal vesicles. 

Exercise, eating stimulating food, and if necessary ihe passage of a sound are useful 
as preliminary measures in obtaining prostatic secretion The glans and meatus should be 
cleansed, and part of the urine is voided to wash out the urethra The prostate is then 
massaged in the usual manner, and the secretion collected in a sterile dish. The rest of 
the urine is then voided into a sterile flask Cultures and stained films are made from 
the prostatic secretion and the sediment from both specimens of urme The prostauc 
secretion and urine sediment will usually contain also any organisms present in the urethra 
In such smears gonococci are often atypical in their morphology with many distorted 
shapes and involution forms In urinary sediments Gram-negative coccoid forms of colon 
bacilli may be present which may be intracellular, and thus may be mistaken for gono- 
cocci It is, therefore, important to continue the search until some typical diplococci are 
found. There is nothing requiring greater discrimination than making a diagnosis from 
such a smear It must be remembered that other members of the genus Neisseria, even 
including the meningococcus, may be found occasionally in urethral and vagina! smears 

CutAum. Diagnosis by cultures is more reliable than that by stained smear, and is the 
method of choice. The certainty of the diagnosis when made by culture makes this 
method much superior to smears, particularly in clinically questionable cases 

Materials for culture are most commonly collected with the usual cotton tipped swabs 
Carpenter (1945) recommends using two swabs for each sample one for a "rolled-on" 
smear and ihe other for cultures The specimens are usually taken from the urethra or 
cemx In chronic cases in the male, prostauc secretions may l>e obtained, m vulvovagi- 
nitis in female children, vaginal secretions are examined Sometimes macenal is taken 
from Bartholin’s gland abscesses, from rectal secretions, ami from the conjunctiva Samples 
of blood, spmal fluid, and joint fluid arc often examined, ihesc fluids arc collected with 
a suitable sjrmge and transported its tubes The swabs for culture may be plunged into a 
small tube containing some soft chocolate agar (liirscitberg, 1945), these tubes may be 
mailed. Koch (1947) has shown a povilive correlation between the cycle changes in ihe 
pH of ihe cervical mucus and the ability to isolate gonococcus from cervical cultures 

Plates are streaked m the usual manner. Chocolate agar, with a meat infusion base, is 
the medium preferred Growth is encouraged by ihe presence of 2 to IS per cent of carbon 
dioxide in the atmosphere. An adequate amount of carbon dioxide may he obtained by 
very simple means such av placing a lighted candle in a jar contamtng the inoculated 
plates and putting the hd on lightly Necessary moisture may be supplied by placing a 
damp piece of filter or blotting paper in the bottom of the jar Satisfactory growth of 
deliratc colonies may occur in 24 hours, but 4^ hours of incubation is often required 

The oxidase reaction is a useful aid in recogmring gonococcus colonies on mixed plates 
A 1 per cent aqueous solution of para jmmodimcth) lamime cnonohj cfrochton Jc » 
dropped on the plate culture by means of a pipet, or placed on the susfsected colonies 
"till a medicine dropper Those colonic* which produce an oxidase first turn pink, then 
maroon, and finally black All of the Neisseria, and some other bacteria as well, show 
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this change which usually occurs in about two minutes The dye is toxic for the micro- 
organisms, and the gonococcus is usually dead by the time the colony becomes black; so 
colonies should be fished while soil pmk if subcultures are to be made. The dye does 
not interfere with the making of Gram stains 

Further identificauon of the gonococcus may be made by fermentation reactions; the 
gonococcus produces acid in dextrose only. A table showing the fermentation reactions 
of the Neisseria is given on p. 55. 

Serologic methods of identifying the gonococcus ate not always satisfactory since 
“crossing" with other Neisseria, especially with group If meningococci, usually occurs. 
Agglutinating sera prepared in chickens (Phau, 1943) arc said to give fairly specific re- 
sults if used according to the technic of Nobfc (1927) See p. 54. 

Gonorrheal Ophthalmia. One of the greatest advances in preventive medicine 
is represented by the Crede method of instilling silver nitrate into the eyes of the 
newborn, thus preventing ophthalmia and blindness in the offspring of gonococcus- 
infected mothers. In the adult the eye may occasionally become secondarily in- 
fected. The diagnosis is readily made by smears from the exudate. 

Acute Gonococcal Arthritis. Acute gonococcal arthritis may occur in an indi- 
vidual infected with gonococci. It is often monoarticular, or, if polyarticular, one 
joint may be more severely affected than the others. In fluid from infected joints, 
which may be serofibrinous or purulent, gonococci may be demonstrated by 
smears and in culture. In the serofibrinous fluids the organisms are most likely to 
be found in the flecks of fibrin. Although infection of the joints is metastatic 
through the blood stream, positive blood cultures are not commonly obtained. In 
a small number of cases an acute endocarditis similar to that caused by the strepto- 
coccus develops. 

Gonococcus Meni Ncrrrs. This condition is more common than is generally 
realized. Patients usually give a history of previous gonococcal infection, but 
cases of apparently primary meningitis and also of uncomplicated septicemia due 
to the gonococcus have been reported (Branham er ah, 1933). 

(^Wt<jL\t.v&~nyjxvzK Tut That wj. v, *j£ paetimUxly in. the. differentiation of 

gonorrheal arthritis from that due to other causes. In preparing the antigen, seuru 
stratus of gonococci are often used since serologic differences have been dem nstrated 
Cross fixation may occur with meningococcus infections. 

Treatment of Gonococcal Infections Local as well as systemic treatment should be 
carried out until at least three consccuuvc smears are negative for gonococci Tb c 
sulfonamides exert a marked curative action on gonorrheal infections. The urethral dis- 
charge is rapidly diminished, and infection of the posterior urethra and prostate can 
usually be prevented by the administration of one of these drugs. The most sinking 
results arc obtained by penicillin therapy This is now the treatment of choice. 

Epidemic Cerebrospinal Meningitis and Menincococclmu 

Neisseria Meningitidis (AT. miracellularis, Meningococcus) ( IV eichsclbaum, 
1887). This is the cause of a high percentage of the sporadic eases of acute cerebro- 
spinal meningitis, and of almost all of the epidemic cases. The organisms arc 
present in the cerebrospinal fluid and are usually demonstrable in the blood early m 
the disease. , 

The meningococcus may cause sepsis characterized by high fever, purpura, an 
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often hemorrhages into the adrenals with profound shock, without signs of 
meningitis (Waterhouse-Friderichsen syndrome). Death may occur within 12 to 
24 hours in these fulminating cases. Early recognition and prompt treatment are 
essential. 

Chronic mcningococccmia, without meningeal symptoms, due to meningococci 
of relatively low virulence, may occur, especially in noncpidcmic times. Diagnosis 
is often delayed in such cases, since the fever 
and rash suggest a number of other condi- 
tions. A positive blood culture is usually 
obtained readily from such patients 

Morphology The meningococcus is a small. 

Gram negative, bitcuit-shapcd diplococcu', and 
it is found both within and outside of the 
leukocytes in the cerebrospinal fluid There is 
a greater tendency to variation m size and shape 
than is the case with the gonococci, which, in 
fresh material, arc more uniform 

Cultural Characteristics The meningococ- 
cus usually requires enriched media for growth Meningococci in spinal fluid <0>urtoy, 
from body fluids, although a semisohd agar Zln ” cr » nd Rame Jones Textbook «f 
with an infusion base is excellent for isolation Ractcnolugv. New York. D Appleton 
On blood agar, smooth, moist, slightly trans- tuufy > • nc 
lucent colonies appear after 24 to 48 hours. 

They are usually about 1 or 2 mm in diameter although they may be much larger I-ater 
the center may become somewhat opaque and raised The meningococcus grows best at 
37* C. although growth may be obtained when the temperature is as low as 25° C 
Temperatures higher dun 37* C arc detrimental to meningococcus cultures Mt 
ningococci ferment glucose and maltose, with the production of acid, but not lactose, 
saccharose, or levulose. 

Viability. The meningococcus is sensitive to light and drying and its temperature 
tolerance, as has just been noted, has a narrow range. Materia! for culturing should be 
kept as near 37* C. as feasible, bearing in mtnd that meningococci will withstand loner 
temperatures better than higher Newly isolated cultures may die out qurckly, thus daily 
transfer is adi liable for the first fen dajs Cultures will live tor a month in a meat in- 
fusion semttohd agar and six months or mure on tryptic digest agar containing yeast ex- 
tract. The ■whole cultures may be kept at least two year* when stored at — 15' C (Pabst, 
1935). When dried in tttcuo fn»u a frozen state, and sealed trt tncuo, they may be kept 
for several years at ordinary lit box temperatures 

Variatiov. As a rule meningococci that arc newly isolated from spinal fluid or blood 
are “smooth," possessing tpecihc capsular substance, and are virulent frequently those 
found in the nasopharynx of healthy carriers arc "rough," awfulem, and have lost their 
specific capsular substance to the extent that they cannot he typed by agglutination Many 
degrees of roughness and smoothness may tic found, and all strains tend io become 
rough during long laboratory maintenance unless special precaution! arc taken Rake 
(1933) has found both rough and smooth colonies in cultures from the spinal fluid and 
has produced rough strains in culture! from smooth strain! 

pATiiQGfMcmr The meningococcus t* only feebly pathogenic for lalnaraiory animals 
If the culture is suspended «t a solution of muon and injected tnlrapcritoneally, the 
virulence for mice is gi rally increased, so that js few as two to ten organisms of «ome 
strains may be fatal (Miller ct at . 193n) Mice so infected may l<e protected by specific 
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antiserum, an d afford a satisfactory means of standardizing the serum (Branham and 
Pittman, 1940). 

Classification, Copter (1909) first noted serologic differences among meningococci 
and described two groups, the meningococcus and the parameningococcus During World 
War 1, French workers (Nicolle et al , 1918) reported four types: A, B, C, and D, most 
cases being due to A and B Gordon and Murray (1915), by use of agglutinin absorption, 
separated their strains into four types: types 1 and III were related and corresponded 
with the French A, types II and IV were related and corresponded with the French B. 
There were no strains corresponding to the French C and D, which were said to be very 
rare. 

During the 30 years since that time many hundreds of strains have been studied Types 
I and III have been found to be indistinguishable epidemiologically, clinically, chemically, 
and tmmunologically. Only by absorption of agglutinins can a serologic difference be 
demonstrated. They are now placed together in group I (Rake, 1934, Branham, 1933) 
This group is responsible for over 90 per cent of epidemic cases (Branham, 1937), 
whereas group II, which is very heterogeneous, is found chiefly m sporadic cases and in 
chrome earners Recently a new group has been recognized. First reported by Cohen 
(1940), it was tentatively designated as group II alpha (Branham, 1942) for convenience 
although it is not a part of group II Group II alpha is found in both epidemic cases and 
in carriers Group IV strains have been too rare for their relationships to be determined. 
The classification now m common vse, therefore, represents four groups (broader than 
types) : I, II, II alpha, and IV. 

Agglutinating sera for group determinations can be prepared by the intravenous 
inoculation of rabbits with increasing doses of dead or living cultures of the different 
groups Excellent “typing” sera for group determination may be prepared by intravenous 
injection of chickens (Phau et al , 1943). Since these animals are insusceptible to the 
meningococcus or its products, very large doses may be given. This is a special advantage 
wtth group II strains which are poor antigens If chicken sera are used, it is necessary to 
employ the rapid method (Noble, 1927) for agglutination (sec p 54); otherwise marked 
“crossing” is apr to occur. 


Diagnosis, It is important that material for diagnosis be taken from the patient, 
if possible, before specific treatment has been begun. After sulfonamide drugs 
have been administered it may be difficult or even impossible to recover the 
microorganisms. Jane way (1941) has shown that the effect of the sulfonamides 
may be neutralized to a great extent by the addition of para-aminohcnzoic acid 
to the culture medium to give a final concentration of 5 mg. %. But even with this 
method a sample of blood or spinal fluid from an untreated patient gives most con- 
stant results. Blood cultures should always be made as soon as possible and re- 
peated if there are signs of sepsis. About 5 to 10 mh blood, drawn into a sterile 
syringe from a vein, is added to 100 ml. of warmed infusion broth in a iSO-ml- 
flask. Addition of 0 1 to 0.2 per cent dextrose may enhance growth. As soon as the 
first signs of meningitis appear, a lumbar puncture should be undertaken, 2 nd 
stained smears and cultures from the fluid should be made immediately. 

A smear of the centrifuged sediment from the spinal fluid, stained by Gram s 
method, ts an important factor in early diagnosis. The flattened Gram-negative 
cocci may be abundant both within and outside of the leukocytes; or careful search 
may be required for their detection; sometimes they cannot be found. A second 
smear may be stained with methylene blue, as this dye is especially valuable in 
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revealing morphologic characteristics. An additional film may be prepared and 
stained by Wright’s or a Giemsa method for a differential count. This is a special 
aid to diagnosis when the fluid is only slightly cloudy, as a predominance of 
polymorphonuclear leukocytes will rule out the possibility of some other infections. 

Pneumococci or streptococci in the spinal fluid are easily differentiated from me- 
ningococci by the Gram stain, as well as by culture. The influenza bacillus can be distin- 
guished by its structure, filamentous forms arc common in the spinal fluid. Tuberculous 
meningitis may produce a cloudy fluid, but the cells are chiefly lymphocytes. Acid- 
fast stains should be made on such fluids. Exceptionally, fluids from patients with enceph- 
alitis and poliomyelitis may be cloudy, and no organisms are demonstrable by smears 
or by culture However, frank purulence in a fluid which contains no organisms is usually 
due to a meningococcus meningitis and immediate treatment for this disease should be 
instituted 

For cultures a generous inoculum should be used (1 e , from 0 5 to 1 0 ml , depending 
on the nature of the fluid) on a blood or chocolate agar plate and into a tube of semi- 
solid agar medium, with or without enrichment Centrifuged sediment may be used, or 
uncentrifuged spinal fluid when the meningococci seem to be especially abundant m the 
stained smear. The spinal fluid itself as a medium should not be ignored Incubating it 
at 35* to 37* C. overnight often results in a multiplication of the meningococci so that 
their detection in smears and their cultivation arc easier. Plate cultures should be kept 
moist while incubating Some workers use a candle jar, as for the gonococcus, for this 
purpose. 

Meningococci are present ui the petechiae which occur in memngococcic infections 
They may be demonstrated by withdrawing material by means of a capillary pipet or fine 
hypodermic needle, preparing stained smears, and making cultures of the organism in 
semisohd medium In fatal fulminating cases demonstration of meningococci in the 
purpuric skin lesions may allow a diagnosis when other methods are unsuccessful 

Colonies of meningococci on blood agar plates are usually characteristic in appearance, 
and may be confluent. They may be fished to semisohd medium or to blood agar slants 
for further study On semisohd agar the meningococci grow as a pellicle at the surface 
of the medium 

For fermentation tests, growth from a pure culture is inoculated into a special semi- 
solid agar medium containing the desired carbohydrate and an indicator The meningo- 
coccus produces acid from dextrose and maltose Individual strains vary in their ability 
to ferment these sugars, and sometimes the reaction is scry transient. Fermentation be- 
comes more typical after a period of laboratory maintenance 

For clinical purposes the demonstration of a Gram-negative intracellular 
diplococcus in the spinal fluid is presumptive evidence that the case is one of 
meningococcus meningitis. For further identification of the organism, however, 
it is necessary to determine its growth on culture media, including its fermentative 
abilities, and also its agglutinabilny m a polyvalent immune serum prepared from 
strains of the mam serologic groups. Determination of the group by use of mono- 
valent sera should be made also. 

at acn osis by CAPsmt suiuisc Meningococci of groups l and II alf'h j will show capsule 
swelling with approprntc sera if the strains arc “smooth " No capsules fuse been demon 
strated on group II strains Thus the Qucllung reaction of Ncufctd may be used for 
rapid identification and determination of serologic group If the meningococci arc suf- 
ficiently abundant to be easily seen and the sample lias been taken before sulfonamide 
therapy has been instituted, a direct "typing” may be made with the spinal fluid within 
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a few minutes. Of this method'may be used later with a pure culture. The application of 
this technic to the diagnosis of meningococcus infections was first made by Clapp (1935) 
and has proved valuable and time-saving The technic is identical with that for the 
pneumococcus. Reliable sera must be used* 

macroscopic agglutination. In following the regular method, a series of dilutions of 
an immune polyvalent serum from I : 10 to i : 400 or higher is prepared according to the 
titer of the serum. Into a series of small tubes is placed 0.5 ml. of each dilution. To each 
tube is added an equal volume of a homogeneous suspension of the organisms. The sus- 
pension is prepared by washing off a 5- to 18-hour blood or serum agar culture with 
enough salt solution to give a definite but rather faint turbidity (i e., approximately 1,000- 
000,000 meningococci per ml.). A control tube containing normal horse serum (or salt 
solution), instead of the immune serum, is essential. The tubes are incubated for two 
hours in a water bath at 37° C., and stored in an icebox overnight before being ex- 
amined. The organism is identified as a meningococcus if clumping occurs in the higher 
dilutions of the immune serum and not in the control tube. 

To determine the group to which the meningococcus belongs, another series of tubes 
is set up containing similar dilutions of each monovalent serum. 

Noble’s (1927) rapid method of agglutination gives excellent results and is preferred 
by many for its specificity and speed The suspension of microorganisms contains fhe 
times as many bacteria, and the scrum concentrations are five times as great as for the 
regular method. Only 0 1 ml. of serum dilution is placed in a tube, and 0.1 ml. of sus- 
pension added. The rack is rocked back and forth through an angle of about 90 degrees 
for two minutes in such a way that the mixture flows up the tube about 1 inch. Then 
0.8 ml. of 0 85 per cent saline is added to each tube and the agglutination read at once. 
The usual control tubes are included. This rapid method must be used if chicken serum 
is employed, otherwise "crossing” will cause confusion. 

nasopharyngeal cultures Cultures from the nasopharynx are used chiefly for the de- 
tection of carriers A bent wire, or straight wooden, applicator with a sterile cotton dp 
is introduced behind the soft palate and passed over the posterior nasopharyngeal wall 
The material obtained is immediately spread over a btood agar plate which should be 
warmed previously to body temperature Suspicious colonics are subculturcd the follow- 
ing day, examined microscopically, and further identified. Other Gram-negative diplococci 
(N. catarrhalis. N {lava, and N sicca) may be present m the normal pharynx and must 
be differentiated by their cultural characteristics and by their agglutinability in normal 
horse serum From these subcultures macroscopic agglutination tests with the polyvalent 
serum are made as has been described 

Treatment of Meningococcus Infections. The sulfonamides have proved highly suc " 
cessfol in the treatment of meningococcus infections. Although the meningococci are, as 
a rule, susceptible to nearly all members of this group of drugs, sulfadiazine and suffr 
merazinc are the most widely used at the present time Usually these drugs are adminis- 
tered orally at intervals necessary to maintain the desired blood level To very ill p tient* 
the initial doses are often given intravenously in soluble form. In the majority of epi- 
demic cases, sulfonamide therapy proves adequate. Sometimes cases are encounter 
which fail to respond to this group of drugs, and other supplementary agents are indi- 
cated Such cases are most often found among the very old and the very young. Ah° 
there are patients in whom intensive sulfonamide therapy is contraindicated. Individual 
strains of meningococci vary greatly in their susceptibility to sulfonamides; insusceptible 
strains are most apt to be encountered in sporadic cases 

Penicillin is especially useful in cases that do not respond well to sulfonamides. This 
antibiotic agent jsVss convenient to use than are the "sulfa drugs” as it is necessary to 
t intrathecaUvS* well as intravenously, in cases of meningitis. The combination of 
^ mciHin with one dLthe sulfonamides is highly successful. A few penicillin-resistant 
strains o£ meningococci bean repotted. 
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Monovalent, group-<pecific serum, prepared in rabbits and concentrated and refined, 
can be a vatuablc adjunct in treating the patients who do not respond well to drug 
therapy. The possibility that serum therapy may be needed constitutes a strong argument 
in support of routine typing of early cultures since cross protection between groups is 
lacking. Such scrum is usually given intravenously, rarely, intraihecally. The old-fashioned 
polyvalent horse serum, which was the only specific treatment for cerebrospinal fever for 
many years, is no longer indicated 

Recently several eases of the dread Waterhouse-Friderichsen syndrome hate been suc- 
cessfully treated with adrenal cortical extract, transfusions of whole blood or plasma, 
and sulfonamides. 

Neisseria Catarrhalis (Micrococcus catarrhalis) (Seifert, 1S90). This organism re- 
sembles the meningococcus but can be differentiated by agglutination and cultural pro- 
cedures. It grows on plain agar and at room temperature 

Original cultures may show 'only slight growth, whereas subcultures prose luxuriant 
The colonics are larger, more opaque, 3nd hate a more irregular wavy border than the 
round colonies of the meningococcus The colony emulsifies readily, but the micro- 
organisms have a tendency to settle It does not ferment any of the sugars N catarrhalis 
occurs in the normal nasopharynx and is generally considered nonpathogemc. However, 
it is occasionally responsible for sporadic cases of meningitis, and has been reported m 
various respiratory infections, conjunctivitis, and occasionally m septicemia and endo- 
carditis 

Pigmented Ncissetia. Four species are recognized. Neisseria perflava, N flava, N sub- 
flaws, and N flavescens The first three are found in the normal nasopharynx; N perflava 
is usually most common These have typical Netssertan morphology and the colonies, 
when young, may be easily confused with those of the meningococcus. They are less ex- 
acting in their growth requirements than the meningococcus and develop a greenish to 
golden-yellow pigment by the second day All have a tendency to spontaneous clumping 
in suspension. They are differentiated from each other only by fermentation reactions 
and Wilson (1928) has suggested that they may be actually sanctics of one species. All 
three have occasionally been found responsible for sporadic cases of meningitis. 

N. flavescens was found by liranham (1050) in an epidemic of cerebrospinal meningi- 
tis in Chicago It was isolated from the spinal fluid of 14 patients, four of whom died. 
The growth requirements of this organism were as exacting as those of the meningococ- 
cus, but like the other pigmented species, it was longer lived The colonics become a 
golden yellow, and the cultures ferment no sugars N flat eicertc comprises, by agglu- 
tination, an independent and homogeneous serologic group Otherwise this organism 
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resembles the other three pigmented forms mentioned above. Its chief significance is 
that tt seems to have been responsible for an epidemic of serious proportions, whereas 
the other forms have been found only in occasional sporadic cases. 

Neisseria Sicca ( Micrococcus pharyngis siccus ) . This small coccus forms white colo- 
nies, which are firm, stick to the medium, and do not emulsify easily. Growth takes place 
at room temperature. It is frequently found in the normal nasopharynx. 

Table 5 gives the fermentation reactions of the various Gram-negative cocci. 



CHAPTER 3 


Spore-bearing Bacilli 


Key and Notes 

I Genus, Bacillus Grow aerobically Mostly saprophytes. Often occur in long chains 
and form rhizoid colonics. Usually Gram-positive Form of rod usually not 
greatly changed at speculation, 

A. Pathogenic forms. 

1. Bacillus antkracis. Nonmotile rods with square-cut to concave ends, occurring m 
chains Central spores 

B, Nonpathogemc forms. Usually motile, having central or eccentric spores. 

2. Bacillus cereus Very similar to B anthracn Usually nonpathogemc 

3. Bacillus subtdis group Seventy-five or more species have been described Some 
show pigment. Commonly found in soil, water, milk, intestinal contents. Occa 
sional strains pathogenic All grow well at room temperature 

II. Genus; Clostridium Grow only anaerobically with a rare exception Often parasitic 
Many elaborate evnoxins 
A. Sports central, eccentric, or subtetminal 

1. Rods swollen at sporulation 

a. Motile. 

(1) . Closindmm fallax 

(2) Clostndtum septic uni ( Vtbrton septujue) 

(3) . Clostndtum chauvoen 

(4) . Clostridium no i’>n (B oedematicns) 

(5) . Clostndtum botuhnum IB bohdmus) 

(6) Clostridium fporogenes 

(7) Clostridium fustolyticum (B htstol\ trass) 

2. Rods not swollen at sporulation 
a Motile 

(8) Clostndtum btfermentans (B (ordclh). 

b. Nonmotile 

(9) . Clostndtum pet jnngens {ft wclchti), 

II Spores terminal 

1. Spores round 
a Motile 

(10) Clostridium Mam IB trtjru) 

1. Spores oval or elongated 

a Motile 

(11) . Clostndtum tertmm 


Spore-bearing Aerobes 

Anthrax 

Bacillus Antliracis ( Discovered by Vollander. tSJ9. Its Nature Recognized by 
Djvainc, 1861, and V roved by Koch, 1876). This is the only aerobic spore bearing 



BACTERIOLOGY 


42.5° C. The first is attenuated for 15 days, and the second for only 10 days, and is 
given 12 days after the first. This immunity lasts for about a year. At this tempera- 
ture only vegetative forms develop. Prolonged incubation destroys virulence for 
rabbits and then for guinea pigs and eventually for white mice. Several more 
convenient modifications of this original method of immunization have been de- 
veloped. 

Anthrax in Man. Man is chiefly infected by working with hides, hair, wool, or 
meat of diseased animals. Many infections have been traced to shaving brushes. 
The organism has been cultured from them, especially from new brushes. Brushes 
may be sterilized by soaking for four hours in a 10 per cent formalin solution at 
110° C. Autoclaving at 15 pounds for three hours may be used for hair and bristles. 
Live steam at 100° C. kills the organisms in five to ten minutes. 

The two most important types of anthrax infection in man arc those due to 
handling products of diseased animals. They arc: (1) malignant pustule, and 
(2) woolsorters’ disease. An intestinal type, with a high mortality, from ingestion 
of infected meat eaten raw, is also known. 

malicnant pustule. This is due to inoculation of a cut or abrasion and, therefore, 
frequently occurs on the arms and backs of men unloading hides. It first appears as 
a pimple, and the center begins to show a vesicle, which changes into a black, 
necrotic area with a red, edematous areola. If the pustule is excised early, the 
prognosis is less grave. In taking material from a malignant pustule before excision, 
care must be taken to avoid rough manipulation, else bacteria may be expressed 
into the circulation. In fatal cases in which the pustule is not excised, a postmortem 
does not show the enlargement of the spleen and the abundance of bacteria in the 
kidneys seen in animals. Death seems to be due to toxemia rather than septicemia. 
A few cases with positive blood cultures have been reported. Cases have been re- 
ported in which recovery took place following intravenous injections of anti- 
anthrax serum. 

woolsorters’ disease. This type is a severe pneumonia with a high mortality, 
characterized by an edema of the lungs which is hemorrhagic about the bronchi, 
and by great swelling and edema of the bronchial and mediastinal glands. It is be- 
lieved to be due to inhalation of spores. 

Laboratory Diagnosis. The material to be examined is usually pus or fluid from 
a malignant pustule, blood in septicemia, sputum in the pulmonary form, and, 
rarely, spinal fluid from an anthrax meningitis. In the intestinal form, feces may 
also be studied. A Gram-stained preparation should be first examined for the arge 
Gram-positive rods. It must be remembered that in preparations directly from the 
tissues there will be neither spores nor chains, but that capsules may be conspicu- 
ous Agar plates and broth cultures are made and incubated at 37° C. Typical colo- 
nies are fished from the agar and further cultural identification made. A hanging 
drop is prepared from the broth culture to determine the lack of motility. 

A very important procedure is the inoculation of mice or guinea pigs sub- 
cutaneously with the infected material or with the culture. The animals usually 
die in three to four days or earlier, and the organisms may be recovered from the 
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heart blood, liver, and spleen. An edematous gelatinous exudate may be seen at 
the site of inoculation. A very few of the bacteria may cause the death of the ani- 
mal. A diagnosis of anthrax is made if the findings reveal a Gram-positive, non- 
motile, spore-bearing, square-ended bacillus, 
producing characteristic colonies on agar 
plates and a fatal septicemia in animals. 

For the detection of anthrax bacilli in 
shaving-brush bristles or in wool, the mate- 
rial is shaken vigorously with sterile salt 
solution. The solution is then decanted and 
centrifuged. The sediment is resuspended in 
1 ml. of salt solution and heated to 80° C. 
for a half hour to kill all non-spore-bearing 
organisms This may then be cultured, and 
injected subcutaneously into an animal 

DETECTION IN ANIMAL TISSUES Precipitin 
Test , For the diagnosis of anthrax m decom- 
posed tissues, Ascoli has devised a precipitin 
test. A piece of tissue is boiled m a few 
ml. of salt solution, which is then filtered until clear, and layered on the im- 
mune serum. In a positive reaction a precipitate occurs at the junction of the 
fluids. Suitable controls must be made, and a serum with known precipitating 
power must be used. The usual serologic tests (agglutination or complement fixa- 
tion) arc of no value in the diagnosis of anthrax infections. 

Demonstration of capsules in body fluids from decomposed animals is valuable 
in differentiating anthrax from other contaminating organisms. 

Serum Treatment In cases in which the infection becomes septicemic instead 
of localized, the outcome is usually fatal. In such cases one should inject anti- 
anthrax serum intravenously, in doses of 50 to 75 ml In malignant pustule it is 
advisable to inject the serum in the subcutaneous tissues surrounding the lesion. 
The anthrax antiserum is made by simultaneous inoculation of animals with cultures 
of Jl. anthracts and annserum The best animal to use is the sheep and a preliminary 
vaccination by Pasteur’s method is to be carried out. 

Recently arsphcnaminc, sulfatlnazolc, and penicillin have been used with some 
success. 

Bacillus Cereus 

Bacillus cereus is closely related to D anthracts It is a common inhabitant of soil. 
Although usually considered nonpathogenic, it has been known to cause localized lesions 
and has been isolated from spinal fluid and blood. An intensive study on the differentia- 
tion of B anthracts and B cereus has been made by liurdon (1947). B cereus is less well 
known to bacteriologists than it should be. It is frequently confused with B sub tilts. 

Bacillus Suctilis 

The name Bacillus subltlts (the “hay bacillus") is often loosely applied to a group of 
jjktcics of Gram positive, aerobic, spore forming rods. They arc widely distributed in 



Anthrax bacilli growing in a chain and 
exhibiting spores. (KoIIe and Wasser- 
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or egg, are the most favorabte It is inhibited by the pres- 
ence of sugar in media The bacillus shows a capsule in 
smears from animal tissues or fluids. Some strains exhibit 
hemolytic power when grown on blood agar Cooked- 
meat media are m general best for culturing, but the most 
characteristic cultural peculiarity is seen when the or- 
ganism is grown in milk, under anaerobic conditions. 

There occurs coagulation with disruption of portions of 
the coagulum into shreds, colored by acid formation, if 
an indicator is present, and plastered against the sides of 
the tube The gas,riddled mass of coagulum remaining 
floats in a clear whey which has the odor of butyric acid. 

All the common sugars are fermented with the produc- 
tion of a large amount of gas Glucose agar to which a 
little blood is added makes a very favorable medium. 

Coagulated serum is not liquefied, and indol is not formed 
in broth The optimum temperature for growth is 38° C. 

Laboratory Diagnosis The presence of the Welch 
bacillus can be demonstrated by inoculating material into 
a tube of milk, heating it to 80° C. for an hour, and in- 
cubating it anaerobically for 12 to 18 hours If this or- 
ganism is present the so-called “stormy fermentation" 
reaction described above may be seen It is not produced 
by other anaerobes 

To obtain pure cultures, 3 or 4 mi of the whey are 
inoculated into the ear vein of a rabbit After five minutes 
the rabbit is killed and the carcass placed in the incubator 
for six to eight hours. The body should become dis- 
tended with gas, with crepitation demonstrable m muscles 
and fascia, and the organism should be obtainable from 
the foamy liver or the heart blood (Welch Nuttall test). 

At the American Ambulance during World War I a 
sterile cotton throat applicator was used to obtain the 
discharge from a wound Each swab was sent to the 
laboratory in a tube A glucose agar tube was boiled for 
10 minutes, then quickly cooled to 42° C The swab was 
introduced into the melted agar and well nibbed up in 
it. This agar was then quickly solidified in ice water and 
put in the incubator. For quick diagnosis the swab, coated 
with agar, was transferred to the tube from which it was 
taken and this latter was placed in a larger tube contain- 
ing pyrogallic acid and sodium hydroxide to obtain 
anaerobiosts. In four or fisc hours a smear could be made from this swab and Gram- 
stained to demonstrate the presence of the gas bacillus 

Toxin Production Bull and Pntchetc (1917) produced a soluble toxin which causes 
both tissue necrosis and hemolysis They found that all strains produced the toxin, but 
that the amount depended upon the virulence of the strain Virulence could be increased 
by animal passage By the injection of animals ssith this toxin they base produced an 
antitoxin. Hus antitoxin gives complete protection in animals, and has given favorable 
results in cases of gas gangrene m man 

Organisms resembling Cl perjangeni. and producing related toxins, have been found 
in animals, especially in sheep Wilvdon (1931) has suggested that they be considered as 
types of Cl perjnngent tvpe A, the organism of gas gangrene, types B (Dalhng, 1925), 
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showing gas formation. (Mac- 
Neal) 
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C (McEwen, 1930), and D (Bennetts, 1932) those of animals As a rule, however, type 
A, which is found in human cases only, is called Cl. perfringens, and the other types are 
Considered as separate species. An antitoxin for type B usually protects against all four 
toxins, hut an antitoxin for type A protects only against toxin A. There is more or less 
cross protection among the other types. The toxin of Cl perjringcnt is very complex. There 
seems to be no definite incubation period. 

Occurrence. The gas bacillus is common in fertilized soils and in the feces of man 
and other animals. As previously mentioned, it is a common cause of gas gangrene in war 
wounds, and is responsible for nearly all cases of gas gangrene occurring in civilians. 

The gas bacillus may also cause uterine infections, particularly those resulting from 
abortions It may invade the blood immediately before death, and give rise to the gas 
bubbles in the organs and tissues which are sometimes seen at autopsies. 

Kendall has called attention to the importance of this organism in a certain proportion 
of cases of summer diarrhea of infants. (See Examination of the Feces. Chap. 39.) 

The active gas-production by this organism has led to its occasional use as a '“bread 
starter" and as an indicator of fecal pollution in water supplies. 

Clostridium Septicum ( Vibrion septique) ( Pasteur , 1877). This organism 
was isolated by Pasteur from an animal supposed to have died of anthrax. 
Later, Koch isolated an anaerobe from garden soil which he named B. oedematis 
maligni although he regarded it as identical with Pasteur’s Vibrion. Although 
neither description was complete enough to allow identification today, the original 
V. septique of Pasteur has been preserved so that it can be adopted as a “type 
strain." 

Morphology and Cultural Characteristics Vi bn on septique is a rather narrow bacil- 
lus with rounded ends measuring on the average 6 X 0 4p. It is motile, and, in a fresh 
specimen of the blood of a guinea pig dying of the infection, appears in long undulating 
chains which move among the blood cells "as serpents in the grass” (Pasteur). In wet 
preparations from the liver of the guinea pig, these serpent-like forms are common. The 
bacillus forms oval spores which usually lie between the center and the end, but rather 
characteristic is the formation of a spindle-shaped organism with a large central spore. 
Sporulation does not seem to take place in the body of the host The organism is Gram- 
positive. It ferments milk with gas production, but less actively than does the Welch 
bacillus. It has little proteolytic action, not liquefying but only softening gelatin, and not 
acting on blood serum. It ferments glucose and lactose, but not saccharose. The colonies 
are filamentous and spreading The odor of culture is sour or rancid — not foul. 

Pathogenicity. The organism has been occasionally found in war wounds, usuilly in 
association with other anaerobes It produces a soluble toxin which causes edema and 
necrosis of tissues and contains a hemolysin This toxin, like that of the gas ba'-illus, 
seems not to require a period of incubation, but excites the formation of an antitoxin. A 
rather large dose is required to kill an animal- The lesions of animals dying of the in- 
fection resemble those produced by the gas bacillus, but the Vibrton may be distinguished 
from the gas bacillus by its motility. In man the infection has been noted only m war 
wounds, but in herbivorous animals it may occur with or without wounds. Clostridium 
septicum has been isolated from milk. 

Clostridium Chauvoei ( Bacillus chauvoei) . This is an anaerobic spore-bearer, called the 
bacillus of symptomatic anthrax, blackleg, or quarter-evil, which causes a rapidly de- 
veloping emphysematous swelling, with a dark color, of the thighs. It has bulging, slightly 
oval spores at one end, but they are not distinctly terminal as are tetanus spores. It affects 
sheep and cattle but not man It is a soil organism like those of tetanus and gas gangrene 

It is difficult to separate this organism from Cl. septicum, but as the latter alone is 
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concerned in human infections this difficulty is important only for veterinarians. Robert- 
son gives as differentiating points the fermentation of salicin but not saccharose by Cl. 
septicttm while Cl. chauvoct ferments saccharose but not salicin. CL chauvoei docs not 
exhibit the gliding-serpent chains which are such a feature of fresh hver emulsion and 
blood preparations from guinea pigs infected with Cl. septicum. Many have reported Cl. 
chauvoei as Gram-negauve The thermolabile soluble toxin produced by this organism 
is relatively weak. 

Clostridium Novyii (Bacillus oedemattent) This bacillus is quite large (6 X lji) and 
is usually stated to be nonmotile, although some authorities report young cultures as 
motile. It is more strictly anaerobic than the other pathogenic anaerobes. It liquefies 
gelatin. The spores, which form readily, are large (l.Sjx) and located eccentrically. It 
produces a soluble toxin against which an antitoxin has been produced. Injection of the 
toxin (0 05 ml ) kills guinea pigs in one or two days 
This organism was a rather common one in the wounds of World War I. It causes less 
tissue destruction than Cl pcr\nngens. but forms quite a potent toxin. Injected into the 
muscular tissues of a guinea pig it produces a gelatinous necrosis with only stight gas 
formation. Very small amounts of the toxin are fatal for guinea pigs. 

Clostridium Bifermcntans (B sordellt) This microorganism is also sometimes in- 
volved in gas gangrene It is a large, sluggishly motile bacillus which produces acid and 
gas only from dextrose All pathogenic strains produce a fairly strong soluble toxin. 

Therapy of Anaerobic Infections of War Wounds. Antitoxin used in therapy of gas 
gangrene may be monos 3lent or polyvalent, is usually refined and concentrated, and is 
standardized by mouse protection methods recommended by the National Institute of 
Health, Washington, D C Monovalent antitoxin is sometimes prepared against Clostrid- 
ium pcrjrtngcns (B welch ft), as this organism is the principal one involved in civilian 
cases. But in war wounds other members of this group ate often present, and a trivalent 
antitoxin is in most common use This is prepared by immunizing horses septrately with 
the toxins of Cl perjrtngens (D ivekhu). Cl septicum (Vtbrton septique), and Cl 
tioryii (B ocdttnatiens), and then nwxsng them ut the desired umtage Sometimes 
tetanus antitoxin is also included, and occasionally those for Cl hifermentans and Cl 
hstolyttcuni. If scrum therapy is to be used successfully in gas gangrene it should be 
used early, and it should cover the toxm producing species involved. The determination 
of the species present can be quite time consuming Henry (1917) has suggested a 
method for a quick identification of the important saccharolytic anaerobes in wounds, 
Cl. perfringens, Cl ) epticum, and Cl novyit The material is inoculated into a cooked- 
meat medium, and from this into a tube of milk. If the stormy fermentation occurs Cl 
perfringens is present. At the same time some of the culture is inoculated into two 
guinea pigs, one of which has received Cl septicum 3nd Cl perfnngritt antitoxin, and the 
other Cl. not-ytt and Cl perfringens antitoxin If the first pig dies u indicates that some 
organism other than Cl f epticum or Cl perfringens ts present, and this is most often 
the Cl. nofju This assumption is confirmed if the second pig survives If the second 
pig alone dies one may conclude, by the same reasoning, tliat Cl septicttm n responsible 
If both pigs die either both Cl noiyt and Cl septicum or some other anaerobes arc 
probably present, and identification must be made by cultural methods 
Toxoids for active immunization against the toxm* of the gas gangrene organisms 
have been developed Their u<e is still in 3n experimental stage. 

1-ocal treatment r>f lacerated wounds consists m immediate dcbrulement in order to 
make conditions unfavorable for the growth of bsetena, m particular these anaerobes 
Before closure it attempted smears from the wound should show few, if any, anaerobes, 
and possibility of the presence of hemolytic streptococci should be excluded by cultures 
on blood agar. 

During World War H both tetanus and gat gangrene have been remarkably rare. The 
use of sulfonamides, both locally and syticmtcatty, has given favorable results. 
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Proteolytic Anaerobes of War Wounds: Clostsidium Sporogrnes (Bacillus tporo- 
genes). This organism differs from the gas bacillus and the Cl septicum in being actively 
proteolytic whereas the two latter act on carbohydrates rather than on proteins. During 
World War I Cl. sporogenes was frequently encountered in war wounds and was re- 
garded as the mam cause of their foul odor. Like the gas bacillus, it is often found in 
human or animal feces and in fertilized soils. 

Cl sporogenes is an actively motile. Gram-positive bacillus with rounded ends (5 X 
O.Sji) ; it liquefies gelatin and digests blood scrum. It does not seem to be pathogenic, 
but its proteolytic enzymes decompose the tissues killed by the mechanical injury 
produced by the gas-forming elostridia. It does not produce an exotoxin. 

It is a common contaminant of other anaerobic cultures, and since its spores have 
great power of resistance it is difficult to separate it from organisms that one desires to 
obtain in pure culture. Barber's single-cell tcchmc is valuable in effecting separation. 

Clostridium Htsxouvrtctm (Bacillus fustolyttcus), This organism, like Cl. sporogenes, 
has marked proteolytic power. In fact, this faculty is so great that the intramuscular injec- 
tion of cultures into guinea pigs may bring about digestion of the muscles down to the bone 
within a few hours- — without, however, having much effect on the health of the animal 
It is a motile bacillus, about 4 X 06p, and forms oval spores which tend to be 
eccentric Cooked-meat media as well as blood serum are rapidly digested. Although no 
toxin is produced as a rule, toxic materials can be prepared which are lethal to animals 
when given intravenously. This organism is micro-aerophihc, although it grows best 
under strict anaerobic conditions. 


Tetanus 

In 1884, Carlo and Rauone caused tetanus in rabbits by inoculating pus from 
a human case. Nicolaicr, in 1885, produced tetanus by injecting garden soil into 
animals. Also m 1885, Kitasato obtained pure cultures by incubating tetanus-con- 
taming material for 48 hours, then heating at 80 s C. for one hour (thus killing 
nonsporing organisms), and culturing anaerobically; he produced tetanus in ani- 
mats by inoculation with this culture. 

Clostridium Tetani (8. tetani). The tetanus bacillus is common in the fcccs 
of horses and cattle; hence its frequency in cultivated soils. The horse is the most 
susceptible animal, next the guinea pig, then the mouse. The infection occurs in 
cattle and sheep. Dogs are much less susceptible. Fowls are practically immune. 
Man is highly susceptible. 

Monr holds v Cl tetani is a long slender bacillus (4 X Ofy). It is slightly motile and 
forms a large (1 3 /*) drumstick spore Since certain other anaerobes, such as Cl. tertium, 
form similar terminal spores, a diagnosis of tetanus cannot be made by this finding alone. 
The organism is Gram-positive, but degenerating forms in old cultures may lose this 
characteristic 

Cultural Characteristics The tetanus bacillus grows anaerobically on ordinary media 
The addition of glucose or fresh sterile tissue {either acts as a reducing agent) to the 
culture facilitates ns growth, especially in the absence of complete anaerobiosis. Colonies 
on agar plates are small, and are surrounded by a network of matted filaments. In st3 “ 
cultures in glucose agar this anaerobe shows as an inverted pine-tree growth. It liquefies 
gelatin very slowly. Milk is not coagulated None of the carbohydrates are fermented. 
Cultures have a slight odor of putrefaction. 

Viability The spores may remain viable in the soil for years. They are very resistant 
to heat and ordinary antiseptics. They may withstand boiling for an hour or longer, but 
are usually killed within five minutes m the autoclave. 
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Variation. Motile and nonmotile variants, and smooth- and rough-colony strains hate 
been described. 

Types. At least 10 types of tetanus bacilli have been differentiated by agglutination 
and agglutinin absorption tests. Howes er, there does not seem to be any tjpe specificity 
in the toxin, so that an antitoxin made from type 1 will protect against the toxins of 
the other types. A good summary of serologic studies of the tetanus organisms has been 
made by Fildes (1929). 

Toxin. The tetanus bacillus produces a soluble toxin It is one of the most powerful 
poisons known and it is estimated that 0 0002 Gm. is fatal for man It is said to be 20 
times as poisonous as dried cobra venom It can be prepared by growing the bacilli 
anaerobically in broth, and filtering after 10 to 14 days. There are, in fact, two toxins: 
tetanospasnun which damages the tissues of the nervous system, and tetanolysm, of minor 
importance, which causes hemolysis of red blood cells. That the disease is due to the 
toxin is shown not only by the experimental production of tetanus by means of toxic 
filtrates, but also by the fact that if spores are carefully freed of all toxin by washing, 
and then introduced, they do not cause tetanus but are phagocyted. When the toxin is 
injected into susceptible animals death occurs m 12 to 24 hours with typical symptoms 
of tetanus. 

The route by which the toxin reaches the nervous system lias been the subject of 
extensive investigation. It has been believed that the toxin produced locally by the 
growth of the bacilli was absorbed by the local motor end plates and traveled directly 
to the central nervous system by way of the axis cylinders However, Abel (1934) has 
published evidence to show that the toxin reaches the central nervous system by way 
of the blood stream 

The Disease in Man. Tetanus is caused by the action on the central nervous 
system of a toxin produced by the growth of tetanus bacilli in a deep, penetrating 
wound. Such wounds, especially when there is much tissue destruction, afford a 
suitable anaerobic environment The presence of other bacteria in the wound 
favors the growth of tetanus bacilli, especially the presence of Cl. perfringent, 
which is frequently associated, and which creates a favorable sod by causing ex- 
tensive tissue destruction. The spores germinate readily only in an oxygen ten- 
sion which is lower than that in normal tissues. Tetanus has occurred following 
childbirth or abortions, and in the newborn from infection of the umbilicus. It 
Has occurred after surgical operations from insufficiently sterilized catgut or other 
supplies, and following vaccination and hypodermic injections. 

After infection of a wound there is a definite incubation period before the first 
symptoms develop — usually from 5 to 10 days in the acute cases, although it may 
be much longer. As s rule, the shorter the incubation period, the more severe is 
the disease. The muscle spasms develop first, as a rule, in the neck and jaw 
muscles and the muscles around the mouth, giving the characteristic “nsus sar- 
donicus.” Later the muscles of the trunk and back become affected. The muscle 
spasms arc associated with violent pain, dyspnea, and difficulty in swallowing. 

In tetanus, as in diphtheria, the bacilli remain localized in the lesion, and the 
injury to other organs is caused by the toxin which is absorbed from the wound. 
However, spores have been found m the regional lymph nodes, and also in the 
liver and spleen in fatal cases. 

The term “chronic tetanus'* lias been applied to atypical cases developing 
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slowly, with a relatively mild course. Cases may occur several months after injury 
or operation, especially with low-grade bone infections. 

Bacteriologic Examination of a Wound. Tetanus bacilli can rarely be demon- 
strated in films made directly from the wound. Animal inoculation is more de- 
pendable than cultural methods. 

The wound should be curetted and some of the tissue fragments inserted into a 
pocket in the subcutaneous tissue of the thigh of a guinea pig. The remainder may be 
inoculated into glucose agar stabs or into a tube of deep meat medium. In these cultures 
the development of a foul, sour odor is suggestive. I ; ilms from such cultures frequently 
show the drumstick spores. If these arc found, an emulsion of the growth is heated to 
R0* C. for one-half hour to kill nonsporing bacteria. A deep tube of glucose agar, melted 
and cooled (to 42 to 45® C.), is inoculated with the material which is then cultivated 
anaerobically Isolated colonies may thus be obtained. 

The filtrate from cultures, even when mixed, can be inoculated into animals (guinea 
pigs, rats, or mice) to demonstrate the presence of the toxin. This is the most reliable 
method for demonstrating the presence of tetanus bacilli A control animal inoculated 
with the filtrate together with antitetanic scrum should be protected. 

Antitoxin. The antitoxin is produced by injecting horses with increasing doses of 
tetanus toxin, at first adding sufficient antitoxin to neutralize it. A high degree of im- 
munity to the toxin is developed. The method of standardization established by law in 
the U S. is based on the work of Rosenau and Anderson of the U. S. Public Health 
Service. The antitoxin unit was originally defined as 10 times the minimal amount of 
scrum necessary to protect a 350-Gm. guinea pig for % hours from 100 M.L.D of a 
standard toxin. One standard antitoxin unit equals two of the international standard units. 
Standard antitoxin can be obtained from the National Institute of Health, by means of 
which others can determine the strength of their own toxin, and indirectly of their 
antitoxin. 

Preventive Measures: Passive Immunization. The practical value of tetanus 
antitoxin is largely limited to its use as a prophylactic measure. Its effectiveness 
for this purpose, if properly used, has been demonstrated conclusively. To non- 
immumzed persons who have sustained any deep injury which may be con- 
taminated by soil or dirt, especially if there is laceration of tissue, it should be 
given immediately in doses of 1500 units. As the immunity from a single injection 
lasts only about 10 days, a second dose will often be required at the termination 
of this period if the wound has not healed. It is particularly important to repeat 
the injection prior to subsequent operations on the infected area, othuwise 
surgical intervention may provoke an acme attack of tetanus. Anaphylactic re- 
actions can be obviated by a preliminary desensitizing dose. (See section on 
hypersensitiveness.) 

Active Immunization. By incubating tetanus toxin with 0 3 per cent formaldehyde tor 
several months, its poisonous properties can be destroyed without affecting the anti- 
genic powers. With such tetanus toxoid, or anatoxin (Ramon), it has been possible to 
immunize animals actively to tetanus, and to stimulate the production of substantia 
amounts of antitoxin in man. Bergey (1934) found that alum-precipitated toxoid was 
more antigenic and gave little reacuon. The development of tetanus toxoid has been an 
important step in the prevention of tetanus. Since the beginning of World War II t e 
toxoid has been used to vaccinate members of the armed forces of the United States as 
well as those of other countries. The U. S. Army has used the plain toxoid, giving three 
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injections of 1 ml. each three to four weeks apart, with a “booster” injection of I ml. at 
the end of a year. The U. S. Navy has adopted the alum-precipitated toxoid, giving two 
injections more widely spaced. Results obtained by active immunization with tetanus 
toxoid have been excellent The use of tetanus antitoxin prophylactically has been 
reserved for those who have not been actively immunized 

Serum Treatment. Serum treatment after symptoms have developed is far less efficacious 
than that of diphtheria, largely because the toxin has already become fixed to the nerve 
tissues. The nerve cells have a greater affinity for the toxin than has the antitoxin, and 
when once injured do not recover as readily as other body cells. The mortality of un- 
treated patients in whom tetanus has developed within 10 days following injury is over 
80 per cent Scrum treatment has little effect if the incubation period has been less than 
five days, but it has been reported to lessen the mortality substantially when the incuba- 
tion period has been 5 to 10 days or longer (to 30 per cent according to Courtois-Suffit 
and Giroux (1918) and to 52 per cent according to Wainvvnght (1926)). Simple subcu- 
taneous injections are useless The serum must be given intravenously, repeatedly, in doses 
of 20,000 units. Some advise a total of up to 100,000 units the first day. It is also essential 
that the wound be excised or thoroughly cleaned of all dirt and necrotic tissue and 
that the spasms be controlled by powerful sedatives such as avertin (Tcichmann, 1932) 
or sodium amytal 

Botulism 

Clostridium Botulinum (fl botulinus) ( Van Ermengem, 1896). This organism 
produces botulism, a form of food poisoning It is a spore-bearing anaerobe, and 
must not be confused with the salmoncllas, some species of which may also be 
associated with food poisoning The organism is found in virgin as welt as in 
cultivated soil, in manure, and on vegetables, fruits, etc. 

Moxpholocy and Cultlial CiKRjvcTtMsTtcs Ci botuhnum is a large, coarse bacillus 
5 to 7f% X ljx, occurring singly or in very short chains It is slightly motile and stains 
by the Gram method. When sporulating the spore is near the end This microorganism 
grows anaerobically on the ordinary media It does not coagulate milk, which is a favor- 
able medium It ferments glucose with the production of a great deal of gas Gelatin is 
usually liquefied. Cultures have a sour, rancid odor The bacillus grows well at room 
temperature, less well at body temperature It is heterogeneous biochemically as well 
as serologically. Five types have been recognized All liquefy gelatin and ferment dextrose, 
levulose, maltose, and glycerol, but there is considerable variation among the strains 
within the types in regard to other biochemic characteristics. Type A and, to a certain 
extent, type B are proteolytic, whereas types C, D, and F. are not 

Toxin. In contaminated foods and in cultures a powerful exotoxin is formed which 
is responsible for the symptoms produced It is so potent that as little as 0 000001 ml 
may kill a guinea pig This toxin is destroyed easily by heating to 80* C. for one half 
hour, or by boiling for 10 minutes, it is unlike the sporulating bacillus which may sur- 
vive boiling for some hours. 

Two types of Cl botuhnum. A and B, are responsible for most cases of botulism in 
human beings, and recently type C has been found involved (Hazen, 19-12). Types C 
and D have not been found in human cases; C has been extensively involved m affections 
in ducks, and D has been found chiefly in ruminants in Africa In chickens, type A toxin 
produces a paralysis with weakness of the neck (the so-called limber neck), while type 
1) toxin may produce no symptoms The toxins of the various types differ, and the 
antitoxin of one type fails to neutralize the toxins of the other types. 

Souacz of the Infection In Europe the chief sources of infection liase l«tcn con 
tanunated meat, especially ham and sausage. In this country the outbreaks reported 
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have resulted from eating canned vegetables, fruits, ripe olives, and cheese. Commercial 
canned products are more likely to be safe than food preserved in the household. It is 
important to remember that the canned foods may not appear decomposed in any way, 
and yet may contain the bacilli and their toxin. Meat becomes infected only after the 
animal h3S been slaughtered, while fruits and sepe tables are already contaminated from 
sod, and possibly by insects Since the toxin is destrojed by moderate heating, cooking 
food immediately before eating removes danger of botulism. 



Bacillus of botulism (KolJc and Wassermann.) 


Infection in Man. Clinical symptoms in man are due to the absorption of the 
toxin, which, unlike those of diphtheria and tetanus, is elaborated outside of the 
body and ingested preformed in the food. It is not destroyed in the alimentary traci 
but is absorbed directly from the stomach and duodenum. The specific manifes- 
tations do not appear for from 12 to 36 hours or longer, although gastrointestinal 
disturbances may occur earlier if large amounts have been ingested. The character- 
istic symptoms are oculomotor paralyses with diplopia and mydriasis, and paraly- 
sis of the pharyngeal muscles with difficulty in swallowing. In fatal cases there are 
cardiac and respiratory failures from involvement of the medullary centers. There 
is no fever, and the mentality remains clear throughout. Although Cl. botulinum 
may be found in the gastrointestinal tract, and in fatal cases in the spleen, there is 
no danger of infection from one individual to another, as in the case of food 
poisoning due to salmonella infection. The toxin is ordinarily swallowed and not 
elaborated in the gastrointestinal tract. 

Examination of Food. To ascertain the presence of the toxin in the food, filtered 
extracts or supernatant fluid from centrifuged emulsions of the suspected food 
may be injected intrapentoneally into a guinea pig or mouse. If the toxin is present 
characteristic bulbar and pupillary symptoms will result, with death by cardiac or 
respiratory failure. Another animal should be injected together with the antitoxin 
as a control, and a third may be given some of the material that has been boiled 
for 10 minutes. Cultures can be made by heating an emulsion of the food at 60° C. 
for an hour to destroy nonspormg bacteria, and making anaerobic shake cultures 
in glucose agar. These should be incubated anaerobically at room temperature 
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in the dark. Filtrates or supernatant fluid from broth cultures can be tested for 
the presence of the toxin by animal inoculation. Feeding chickens with suspected 
material has been used to differentiate the types though this may be done more 
accurately by giving the specific type antitoxins. 

Serum Treatment. Potent antitoxins can be prepared against the botulinus toxins. 
Under experimental conditions they have been highly successful, but they are much less 
useful in clinical cases This is because the antitoxin can neutralize only the free-circulat- 
ing toxin, and the combination of the toxin with the nerve tissue has already occurred 
by the time symptoms develop Nevertheless, whenever possible, the antitoxin (com- 
bined for types A and B, and possibly E) should be administered, for it is the only 
specific treatment known, and it is always possible that uneombined toxin may still be 
present. 

Active Immunization, Velicanov (1936) used a formol toxoid (types A and B) to 
immunize a smalt number of volunteers and laboratory personnel. More recently Reames 
and his coworkers (1947) have used both fluid and alum precipitated toxoids to vacci- 
nate a group of persons working with Cl botulinum They succeeded in maintaining a 
good antitoxin titer (A and B) in these people by giving booster injections every six 
months. 

Bennetts and Hall (1938) have used a formol toxoid on a small scale to immunize 
cattle and sheep m Australia. 



CHAPTER 4 


Mycobacteria, Actinomyces and Nocardia, Corynebacteria, 
and Other Gram-positive Bacteria 


Key and Notes 

General Features. Having branching characteristics; showing parallelism, 
branching, curving forms, V-shapes, clubbing at ends, segmental staining, etc. 
Gram-positive. 

Order II. Actmomycetales Cultures more like molds. 

Family I Mycobactenaceae Very slight branching. 

Genus Mycobacterium. Acid-fast. Cultures usually more or less wrinkled and dry 

I. Grow rapidly on ordinary media at room temperature. Typical species are 1 

1. Mycobacterium phlet (Timothy-grass bacillus of Moeller.) 

2 Mycobacterium lacticola (M smegmata). (The “smegma" bacillus ) 

II. Grow only at body temperature and after several weeks of incubation 
Primary isolation requires such culture media as solidified blood serum, 
glycerin agar, glycerin potato, and egg media 

A. Cultures fairly moist, luxuriant, and fiat. Optimum temperature 43° C 
1 Mycobacterium avium. (Bacillus of avian tuberculosis.) 

B. Cultures scanty, wnnkled, and dry. Appear in 10 to 14 days. Optimum 
temperature 38® C. Smear from organs of inoculated guinea pig shows 
few bacilli Less virulent for rabbits. 

I. Mycobacterium tuberculosis var. homims (Bacillus of human tuberculosis ; 

C. Cultures as above, but even more scanty. Smear from organs of guinea pig 
shows many bacilli, 

1 Mycobacterium tuberculosis var. botis. (Bovine tubercle bacilli ) 

III. Primary isolation requires growth factor from heat-killed acid-fast bacilli 
1. Organism of Johne’s disease. 

IV. Are not cultivable by ordinary methods. 

1. Mycobacterium leprae (B. leprat). Found in man chiefly in nasal mucin 
and in juice from lepra tubercles Less often in nerve leprosy. 

2 Mycobacterium lepraemunum. (Bacillus of rat leprosy.) Indistinguishable 
from M leprae except by inoculation into young rats 

Family II. AcUnomycetaccae. Filamentous and branching, forming mycelia which 
break up into fragments which may function as conidia 
Genus: Actinomyces. No aerial hyphae. Anaerobic. Not acid-fast 
I. Actinomyces bovis (A Israeli). Cause of actinomycosis. 

Genus: Nocardia. Short aerial hyphae Aerobic. Some species acid fast. 

1 Nocardia madurae Cause of mycetoma Not acid-fast, 

2 Nocardia astcroides Acid-fast. 

Order I. Eubacteriales The "true” bacteria 

Family VHI. Corynebacteriaceae. Colonies more flat and moist like other bacteria 
Genus: Corynebactenum. _ 

1. Corynebactenum pseud odiphthenticum (B hoQmannii). Luxuriant grow t 
on ordinary media Colonies often yellow to brownish. Short, thick, an 
stain uniformly. 
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2 Corynebacjertum dtphthenae Moderate growth on ordinary media Best 
media are blood serum (Loeffler’s) or blood agar. Has metachromatic 
granules at poles 

3 Corynebactenum rerose Scanty and slow growth on nutrient media 
Genus: Listena Very small Gram-positi\ e rods with arrangement similar to that 

of diphtheroids Motile 
1. Listeria monocytogenes 

Genus Erysipelothnx Rod shaped organisms with a tendency to form filaments 
which may branch 

1. Erysipelothnx rhusiopathiae Cause of swine erysipelas 
< Other Gram positive bacteria 

Family VII. Lactobacteriaceae Ferment carbohydrates, producing lactic acid 
Tribe II Lactobaciltcae Rods singly, in pairs, or filaments 
Genus Lactobacillus Rods long and slender; micro-aerophilic or anaerobic; surface 
growth on media — delicate or poor. 

1. L acidophilus 

2. L bifidus 

3 L bidgaricus 

4 L casei 

5 L arabmosus 

6 L fermenti 


Mycobacteria 

The mycobacteria comprise a large group of strictly aerobic bacilli which 
possess abundant and highly characteristic lipids. These lipids modify the reac- 
tion of the bacilli to stains, affect their growth rate and their permeability to 
solutions or disinfectants, interfere with their destruction in phagocytic cells, 
and contribute to the typical pathology of diseases such as tuberculosis and leprosy. 

The single criterion which determines the inclusion of bacteria m this group 
is the property of “acid-fastness”; i.e., resistance to decolonzation by acids or 
actd-alcohol after the bacilli have once been penetrated by certain aniline dyes. 
This property is largely due to unsapomfiablc waxes. Among the pathogenic mem- 
bers of the group phospholipins play an important part in producing the 
cpithclioul-cell type of pathologic reaction, while the combined qualities of slow 
growth and resistance to phagocytic digestion may contribute to the chronic persist- 
ent nature of the mycobacterial infections. 

On the basis of the general character of their growth habits cr requirements, 
this great group of bacteria is divided into four subgroups which correspond 
closely with the sources from which they arc most frequently rccoscrcd and 
with their disease-producing potentialities. These groups arc indicated in the fore- 
going hey and m Table 7, on p. 77. The first group is capable of growth on 
ordinary media, and usually at a wide range of temperatures It contains primarily 
the saprophytic acid fast organisms of sod ami water. Some sirams cause tuber- 
culosis in cold blooded animals anil others occur as parasites in organs, lymph 
nodes, and skin lesions in animals, or in leprous noelulcs. The second group con- 
tains the tubercle bacilli of warmblooded animals. These Imc more complex 
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growth requirements for primary isolation, and grow only at or near body tem- 
peratures. Their pathogenic potentialities arc not confined to a single animal 
species. Owing to their remarkable antigenic properties and a violently hyper- 
sensitive response in most hosts, they achieve great destructiveness. The third 
group requires a growth factor which can be obtained from the bodies of other 
killed acid-fast bacteria. It produces less destructive lesions, involves a more 
limited group of tissues, and is infectious for a smaller number of animal species. 
The growth requirements of the fourth group have not yet been ascertained. Its 
two species illustrate the maximal degree of indolent infection and host specificity. 

Saprophytic, Cold-blooded Animal Types, and Parasitic Mycobacteria 

In view of the widespread distribution of the members of this subgroup and 
their remarkable adaptability to different temperatures and conditions of growth, 
they have repeatedly been confused with the truly pathogenic types. The medical 
importance of this fact is illustrated by the necessity of accepting the smegma 
bacillus as one long known to soil and dairy bacteriologists under the name of 
Mycobacterium lacttcola (Bergey, 1939) and by the indistinguishability of the para- 
sitic strains in animal lesions and leprous nodules from those which occur com- 
monly in soil and nature (Gordon, 1937). 

Those who have studied tuberculosis m cold-blooded animals likewise hate 
been confused by differences in pathogenicity, ranging from the occurrence of 
acid-fast bacteria in water or algae or in the external slime of fish, through ap- 
parently innocuous parasites in the organs and, finally, to true tubercle production 
by strains which can reproduce the infection experimentally. Although many of 
the microorganisms causing true tuberculous infection in cold-blooded animals 
have a temperature range below the body temperature of birds and mammals, 
Aronson found a strain from the salt-water croaker (fish) which was pathogenic 
for mice, pigeons, and frogs, but not for guinea pigs. 

The fundamental point for the medical bacteriologist is the recognition that 
among these organisms there are both saprophytic and parasitic strains whic 
on primary isolation may grow slowly and may develop pigmentation only W t® 
or in subculture. Their colonics may correspond more or less with those of dif- 
ferent types of tubercle bacilli, being cither moist and irregularly flat li’re those 
of the avian type or dry and wrinkled like those of the mammalian types. Th c 
smegma bacillus is one widely recognized example of a member of a saprophyte 
or parasitic group which may complicate the laboratory diagnosis of true mycofoc 
terial infections. Other members, less well known, are probably responsible for a 
number of errors m interpretation. 

These nonpathogens differ from the tubercle bacillus in five important cssen 
tials: 

1. They grow readily on any media. 

2. They show more or less abundant growth, or colonies within two to seven 

3. They have no pathogenicity for guinea pigs when inoculated subcutaneous!, • 
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4. They do not require body temperature for de\elopment, but grow at room 
temperature or a little above. 

Mycobacterium Lacticola ( Bacillus smegmatis). This acid-fast organism is 
chiefly important because it may be found in uncathctcrized urine and he re- 
ported as the tubercle hacilius. 

Although they may have the appearance of typical tubercle bacilli, these bacilli 
show a greater tendency to appear in clumps, as do lepra bacilli. It is usually 
stated that they decolorize easily in alcohol, but smegma organisms have been 
found in urine that arc as resistant to acid-alcohol as arc tubercle bacilli. Such 
organisms are found in preputial and vulvar secretions, and this accounts for their 
presence in urine The Lustgarten bacillus, reported in 1884 as the cause of 
syphilis, was probably a smegma bacillus. Differentiation is always accomplished by 
inoculation of a guinea pig, for which, as for man, the organism is nonpathogenic. 

Tubercle Bacilli 

The three types of tubercle bacilli have been defined in Table 7, where both 
the usual and the less commonly infected species of animals are indicated. At the 
usual temperature of 37° C., and on any chosen medium, bacilli of the avian type 
produce as much growth in two weeks as may he expected from the human type 
in three, or the bovine type in four weeks. Though morphologic differences be- 
tween the types arc usually described, they arc not sufficiently conspicuous or 
constant to aid in differentiation. Cultural characteristics, quantitative tuberculin 
tests, or specialized serologic methods are capable of distinguishing the avian 
type from the mammalian types (human or bovine), but are of little value w 
differentiating the mammalian types from each other. In actual practice, the 
differentiation of all three types is dependent on animal inoculation, employing 
chickens, rabbits, and guinea pigs as the test animals. Owing to the fact that 
large or uncontrolled dosages may in some instances overcome normal resistance 
if given intravenously or may form nonpronressivc tubercles if given locally, an^ 
to the occasional occurrence of atypical strains, known amounts of culture (i° 
the range of 0.1 mg. moist weight) should be injected subcutaneously. The pos- 
sibility of spontaneous tuberculosis or of occasional abnormal susceptibility to a 
single animal makes it desirable to include more than one animal of each species 
in such tests. The results to be expected on the basis of the susceptibility of these 
animals to the three types of tubercle bacilli have been indicated in Table 7. 

Human Type. Mycobacterium Tuberculosis var. hominis ( Bacillus tttberct<- 
losis ) {Koch, 1882 ). This type of tubercle bacillus was the first to be studied. 1 
may be taken as a prototype for a general description of the morphology, staining* 
and other characteristics of tubercle and acid-fast bacilli. 

Morphology and Staining. Mycobacterium tuberculosis \ar. hominis is a rather lonft 
slender rod, 2 to 5 X 0.3jt, straight or slightly curved, with rounded ends. It is o ^ 
singly or in clumps in which the bacilli tend to lie parallel or form an acute ang e 
one another. Many of the organisms show a characteristic beaded appearance in stain 
films The bacillus is nonmotile, and Gram-positive. 
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Owing to their high hptd and wax content, acid-fast bac- 
teria require heating or prolonged application of powerful 
stains such as Ziehl-Ncel sen's carbolfuchsin. Once stained, 
they retain the dje during treatment with decolorizing 
agents and do not take a coupterstam, thus being differen- 
tiated from other bacteria which may be present A com- 
bination of the acid-fjst and the Gram staining methods, as 
recommended by Fontes, senes to demonstrate Gram-posi- 
tive rods and granules together with the acid-last forms 
(See Staining Methods, Chapter 12 ) Much described non- 
acid-fast. Gram-positive granules tn both cultures and lesions, 
and M. C Kahn has made a detailed study of the non-acid- 
fast granules and rods which appear during the early stages 
of bacillary multiplication Such observations help to explain 
the reports of filtrable forms of tubercle bacilli 
Culturzs Detailed descriptions of media for primary isola- 
tion of tubercle bacilli will be given m Chapter 11, but it 
may be noted here that the basic substrates are, or include, 
scrum, blood, egg yolk, and potato. With the parU3l excep- 
tion of the bovine type, gl)ceroJ is of universal value m 
stimulating growth Contrary to popular belief, minimal 
numbers of tubercle bacilli can wiUare growth in liquid 
media containing diluted Wood or serum and small amounts 
of an ammonium salt, glycerol, and citrate Growth on all 
media is slow. Colonies of M tuberculous \ar. honunts ap- 
pear on solid media only after two or three weeks and 
gradually coalesce to form a thin film which later heaps up 
in convolutions The growth ordinarily looks rough and is 
extremely tenacious on the medium In liquid media it ap- 
pears like grains of sand or flecks of wax 

Colonies, pellicles, or granules will not suspend uniformly 
in any solution except in the presence of chloroform, which 
is a remarkable (though lethal! "declumper" for all acid- 
fast bacteria. 

Inoculum for primary isolation should be spread as widely 
and evenly, as possible, while for stock cultures it is pref- 
erable to plant the inoculum in one small spot. After serial 
subcultivation, large mocula can establish growth on glycerol 
agar or as pellicles on glycerol broth, or on sjmhenc media 

which preside ammonium or asparagin as sources of nitro- , , 

, , , , - , Mycotacrenurn tubtreu - 

Sen, and tfjcmjl, or orfamc and! a, ebon 

sources. Transplants to liquid media for mass cultivation aRjr -3gar culture, »c»«al 
or tuberculin production must be made by floating bits of months old. (Curtis > 
growth on the surface. 

Tubercle bacilli and other acid fast microorganisms are strictly aerobic Abundant 
oxygen, like high concentration* of glycerol, is important in tuberculin production or 
mass cultivation, but for primary isolations it is > less important consideration than 
conservation of the moisture in the medium. Cultures remain viable for months if kept 
moist. Tubercle bacillus cultures produce fl distinctive, fruity odor. Classification by the 
usual biochcmic reactions is not feasible, because the utilization of cafbolqdrates in- 
volves their complete oxidation to carbon dioxide and wafer. 

Vnutm. The special resistance of tubercle bacilli to acids and alkalies is utilt/ed as 
a means of killing off contaminating microorganisms prior to the primary isolation of 
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tubercle bacilli from sputum, gastric washings, or urine. Chemical disinfectant at or- 
dinar)!}' applied are unable to hill these bacilli; for example, the)' survive in 0.5 per cent 
phenol for 24 hours. The organism* are scry resistant to drying, especially in sputum. 
Their inaccessibility to substances in solution docs not present their being hilled by 
sunlight nor confer any particular resistance to beat. They are hilled at 60* C. in about 
20 minutes. In milk they arc devitalized during pasteurization by any method which does 
not permit separation of a cream layer. 

Bovine Type. The bovine type of tubercle bacillus grows even more slow!) 
than the human type. This is particularly true of primary isolations, owing to 
their failure to be benefited by the presence of glycerol in isolation media. Though 
the ability to utilize glycerol, or to grow on a synthetic medium, is acquired by 
some laboratory cultures, many of them continue to utilize glycerol so slowly that 
they develop an alkaline reaction on liquid media. I low ever, this /act, like the 
shorter and plumper appearance of the stained bacilli, docs not provide a reliable 
means of differentiating them from the human type. Growth of the bovine type is 
neither wrinkled nor pigmented. 

Bacilli of the bovine type, both in the natural course of events and in experi- 
mental infections, are the most virulent of the tubercle bacilli. Aside from tuber- 
culosis in cattle, they are responsible for abdominal tuberculosis in children who 
consume unheated milk from tuberculous cows, and they are frequently recovered 
from infections of skin, bones, and lymph nodes of both children and adults in 
countries where b o\ine tuberculosis is common. Their occurrence in the pulmo- 
nary form of tuberculous, by contrast, is much rarer than might be expected. In* 
fections with the bovine type arc less common in the United States than in many 
other countries, owing to control of bovine tuberculosis in cattle. 

On the farm, bovine-type infections arc transmitted from cattle to other live- 
stock, most notably to swine, cats, horses, and sheep. They are measurably more 
virulent than the human type en guinea pigs, rats, and mice while their marked 
pathogenicity for rabbits affords a means of differentiating these two types. 

Intravenous injection of 0.01 to 0.1 mg. of bovine culture info rabbits causes gen* 
eral miliary tuberculosis and death within five weeks. With human cultures in 
doses of 0.1 to 1.0 mg., similarly injected, the majority of rabbits live for three 
months or more. Subcutaneous injection of 10 mg. bovine tubercle bacilli cause* 
death in 28 to 101 days. Similar injections of human organisms in doses up to 100 
mg. do not kill rabbits after periods of from 94 ro 725 days. The duration of 
in inoculated guinea pigs is longer with human than with bovine inoculations. 

Subcutaneous injection of bovine strains into cats produces generalized tuber- 
culosis, whereas the cat is resistant to human strains thus given. The cat acd dog 
sometimes spontaneously contract human tuberculosis, although experimentally 
refractory. 

Avian Type. The avian type of tubercle bacilli is characterized by the ability* 0 
grow at 43° C. Isolated colonies are usually fairly smooth and capable of being 
emulsified or suspended much more readily than those of the mammalian-typ* 
bacilli. Pellicles on liquid media arc correspondingly more difficult to cstabli* , 
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and there is a greater ability to grow below the surface of glycerol broth or syn- 
thetic media. 

There is no incontrovertible evidence that tubercle bacilli of the avian type can 
produce infections in human beings. On farms the infection spreads from fowls 
to hogs and cattle. Fowls may be infected by ingestion and by injection. After 
ingestion the lesions are chiefly in the alimentary tract; after injection, in the 
liver, spleen, and lungs. Though less virulent than bovine bacilli for the rabbit, 
the avian type can produce progressive lesions after either intravenous or sub- 
cutaneous injection in this animal. After intravenous injection, grossly recognizable 
tubercles arc often difficult to find, and the rabbit succumbs to the presence of 
enormous numbers of bacilli in the phagocytic cells of the spleen and the liver 
{ Yersin type of infection). 

Atrium of Infection. In the bovine types of human tuberculosis the portal of entry is 
the alimentary tract. It is believed that the tubercle bacillus may penetrate the intact 
mucosa of the intestinal tract wihout causing pathologic changes and reach other areas 
in the body through the lymphatics In some infections due to human strains the or- 
ganisms apparently enter the body in the same way from food or milk which has been 
contaminated directly from human cases Most of the cases, however, result from the 
inhalation of infected dust or from droplet infection from patients with open lesions. 
The resistance of the bacilli to drying, especially in sputum, permits them to be dissemi- 
nated by the fomites and by dust and dirt 

Whether or not active disease develops after entry of the bacilli into the body depends 
upon their virulence and upon the resistance of the body to their invasion. It is probable 
that ordinarily the actual infection occurs in childhood, and that the disease may become 
active later on, whenever the general resistance is lowered to such an extent that the 
bacilli are enabled to multiply and invade the tissues Possibly, by direct contact with an 
infective individual, one may receive suddenly a sufficiently large number of bacilli to 
overwhelm the natural resistance The susceptibility of an individual varies markedly 
With age and is greatest in the first few years of life 

Pulmonary tuberculosis may be complicated by secondary infections Streptococci, 
pneumococci, staphylococci, or influenza bacilli are frequently present in the neighbor- 
hood of the tuberculous lesion and can be found in the sputum. 

Diagnosis of Tuberculosis. Careful clinical and bacteriologic studies arc re- 
quired in making a diagnosis and in ascertaining the extent of the disease and its 
dangers to other members of the household. The tuberculin test is a screening, 
rather than a strictly diagnostic measure. The interpretation of a positive reaction 
in adults is dependent on the resulis of other diagnostic examinations; 3 positive 
reaction in children suggests a fairly recent infection. Modern roentgen-ray technics 
afford valuable records which aid clinical study. For large-scale investigations the 
use of photofluorographic units makes possible mass surveys. Clinical manifesta- 
tions include evidence of losr of weight and appetite, me in temperature late in 
the day, and physical evidence of the various manifestations of the disease. 

flAcrtaioiJOctc ExvMtstvriovs. Baetenologtc examinations and animal inoculation 
ate the specific means of confirming a diagnosis Since the bacilli may exist in small 
numbers in destructive lesions or may l*e iibcratrd only intermittently, repeated 
and careful examinations must be made before excluding possible infection with 
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tubercle bacilli, The body . secretions and fluids which arc examined most fre- 
quently are sputum, gastric washings, urine, feces, and spinal, pleural, and ascitic 
fluids. Details for the collection and handling of these specimens will be found in 
appropriate chapters in Part IV. 

Dirlct Microscopic Examination. Direct microscopic examination of carefully 
selected purulent or cheesy particles from sputum is recommended as a pre- 
liminary simple and time-saving procedure. Failure to find bacilli does not rule 
out the possibility of infection. More delicate methods and repeated trials are 
often required to ensure a correct diagnosis. 

Concentration Methods. Concentration methods are often of value and a great 
many modifications of the original antiformin technic have been described. These 
methods depend upon the digestion of the mucus of the sputum and the subse- 
quent concentration of the tubercle bacilli by centrifugation. In the process of 
digestion, the contaminating non-acid-fast bacteria are usually destroyed. The 
method of Hanks (1938) is given here. The minimal alum flocculation provides 
an excellent means of concentrating small numbers of tubercle bacilli, and is of 
especial value with pleural, spinal, and other body fluids. 

A suitable volume (eg, 5 ml) of sputum, sediment from gastric washings, or other 
material, mixed with an equal volume of 4 per cent sodium hydroxide; 02 per cent 
potassium alum and 0004 per cent phenol red, or other suitable indicator, are also 
added The whole is shaken and digested, with frequent agitation, in a water bath at 
37* C until homogenization is complete (usually about 30 minutes). (Andrus and 
McMahon (1924) digest their suspensions at 55* C.) When homogenization is complete, 
the entire digest is neutralized with approximately 2.5 ml. of a norma! solution of hydro- 
chloric acid (25 per cent HCl by volume). The acid should be added drop by drop 
and the protein precipitate dispersed by shaking. An overstepped end-point may be 
corrected by adding a drop or so of the 4 per cent sodium hydroxide dtgestor. A very 
fine flocculation at neutral point acts as the collecting agent for the tubercle bacilli. 
Centrifugation often requires only five minutes at high speed. The entire supernatant 
fluid is discarded and the sediment used for the preparation of slides and cultures or 
for the inoculation of guinea pigs. Very dense sputa require extra volumes of digester. 
Failure to flocculate indicates the need of at least one additional volume of digester, 
further shaking, and re-ne utilization. With clear materials, such as spinal fluid, Jt ts 
obvious that the digestor is not needed. 

Chloroform concentration is also valuable In this method only the sodium hydroxide 
is added to the sputum. After digestion an d neutralization, chloroform equal to 2 f* 1 
cent of the total volume is added, and the whole shaken vigorously to ensure emuluh' 
cation. After centrifugation for fhe minutes the supernatant fluid is discarded 311 
the creamy sediment filmed on slides 

Diagnostic Films In the preparation of diagnostic films many of the bacilli may be ’ l° f 
if the usual routine of fixation is followed. After the films are spread, dried, and bwt 
fixed, they should be fixed further with methyl alcohol, or a protective coating ft 
per cent gelatin added, and the slides exposed to formalin vapor for five minutes. _ 

Cultures. Cultures can be made directly upon suitable media from material which 
not contaminated. Cultures from the sediments of pleural or other exudates, or the < 
from a tuberculous spinal fluid, may show tubercle bacilli when they are not demon 
by smears or by guinea-pig inoculation. Cultures are also made from sputum or o 
contaminated material, for the methods of concentration used generally kill most d 
non-acid-fast organisms present. Two or three drops of sediment should be spread e'en 
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over the surface of two to six tubes of the selected medium and the medium incubated 
with its surface horizontal until all fluid is absorbed. Then the tubes should be sealed 
tightly and stored in an erect position Pure cultures can often be obtained in this way. 
Clough has grown tubercle bacilli from the blood in cases of miliary tuberculosis by 
laking the red cells with sterile distilled water, and planting the sediment after centrif- 
ugation on blood agar slants. The bacilli are rarely present in the blood in other forms 
of tuberculosis, however. Growth is slow and even under the most favorable conditions 
colonies do not become visible in levs than a week. Within a few days, however, the 
tubercle bacilli will have multiplied sufficiently to demonstrate them in smears from the 
culture. The choice of a medium may be based on personal preference. The use of bac- 
teriostatic agents will give fewer contaminants, but the omission of such agents in the 
media may yield more positive cultures The egg yolk medium of Dorset is still one of 
the most popular. Several other media are described in Chapter 11. Many workers favor 
the use of several kinds for each isolation 

Instead of using the sediments obtained in the concentration methods described above 
for cultures McNabb (1936) prefers treaung the contaminated specimen with an equal 
volume of 3 per cent hydrochloric acid plus an indicator After this mixture has stood for 
two hours it is made slightly alkaline with 3 per cent sodium hydroxide, centrifuged 
ascptically, and cultures made from the sediment. 

Guinea-pig Inoculation The guinea pig is susceptible to both bovine and human tu- 
berculosis, and is used to demonstrate the organisms when they cannot be found by 
other methods, and to distinguish between tubercle bacilli and nonpathogenie acid fast 
bacilli. 

The animal is injected subcutaneously in the groin. If the material is badly con- 
taminated, it must be treated with acid or alkali, as in making cultures, or the antmal 
may die from some secondary infection If the tubercle bacillus is present, a local swelling 
develops which may caseate and ulcerate Smears from the ulcerated area often show the 
bacilli. The regional nodes become involved and later the mesenteric and other lymph 
nodes. The lesions may be looked for in from four to six weeks and death occurs in about 
two months or more. At autopsy the characteristic lesion is an enormous enlargement of 
the spleen, which is studded with grayish or yellowish tubercles. Smears and cultures 
from the spleen show the tubercle bacilli The liver, lungs, and peritoneum are often in- 
volved. Block suggests that the lymph nodes in the groin be damaged by squeezing the 
tissue between the fingers before inoculating the animal and claims that tubercle bacilli 
may be demonstrated in these damaged nodes within 10 or 12 days. Infected guinea pigs 
become highly sensitive to tuberculin after two or three weeks, and will die acutely within 
24 hours if given a subcutaneous injection of a large dose (1 or 2 ml.) of O.T. at this 
time. This phenomenon is utilized to determine whether or not tuberculosis lias developed 
from the inoculation without waiting for the appearance of gross lesions. It is desirable 
to inoculate a second animal as a control and allow it to live until lesions have developed. 
Intracutancous tuberculin tests may be used also to determine whether or not an inoculated 
animal has become infected. 

Tuberculin. Tuberculous persons or animals become strikingly hypersensitive 
to subsequent injection of heat-killed bacilli (Koch phenomenon) and to tuber- 
culoproteins in concentrations which produce no effect in nontuberculous indi- 
viduals. This form of sensitivity differs from anaphylaxis or atopy in that it is ap- 
parently not mediated by a humoral antibody mechanism. The reactions arc always 
delayed, and depend on a sensitivity of the tissue cells themselves. 

Tuberculin hypersensitivity is the best known and the most typical of the bacterial 
allergic*. The reactions arc always of the “delayed” type, and should be read after an 
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interval of 48 to 72 hours. A positive reaction is indicated by definite inflammation and 
induration. 

A positive reaction reveals some degree of past or present infection, but its significance 
in terms of active tuberculosis must be ascertained by careful roentgen-ray, clinical, and 
bacteriologic studies Even in clinically active tuberculosis there is no constant relation 
between the degree of hypersensitivity and the severity of the disease. Reactivity may 
disappear in overwhelming tuberculous infection, or be temporarily suppressed by other 
acute infections, notably influenza, measles, and the exanthems. 

The general incidence of positive tuberculin reactions in the population of the United 
States has now fallen below 50 per cent for persons of all ages. Although a positive 
tuberculin reaction still has greater clinical significance in children and in young adult! 
below the age of 30, it is recognized as an important test in persons of all ages when 
tuberculosis is suspected, or is to be eliminated as a diagnostic possibility. Except in 
moribund individuals or m the presence of j'ntercurrent infections, a negative reaction is 
of great significance. 

The term “tuberculin” is applied to any of a number of protein derivatives 
from cultured bacilli. The reactions induced by these products may be classified 
as: (1) local inflammation or necrosis in ophthalmic reactions or skin reactions in- 
duced by patch tests, scarification (von Pirquet), or intradermal injection (Man- 
toux); (2) focal reactions of inflammation, hemorrhage or necrosis at the site of 
pre-existing lesions, e.g., in pulmonary tuberculosis there is increase in cough and 
sputum, and sometimes hemoptysis; in joint tuberculosis, increased pain, swelling, 
and disability of the joint; and (3) general reactions with fever, malaise, prostra- 
tion, and even death. Obviously focal and general reactions are to be avoided m 
clinical work. The standard method of tuberculin testing today is by the intra- 
cutaneous injection of known dilutions of standardized tuberculin. 

Tuberculin Preparations: koch’s “old tuberculin” (ot). Formerly, Koch’s ’Old 
Tuberculin” was the standard tuberculin. It was made by heating a six- to eight-wet 
glycerol broth culture at 80° C. until reduced to one-tenth of its original volume, an 
then filtering. In making dilutions for skin testing, I ml. of O.T is regarded as 1000 rag 
For survey purposes the initial test dose was usually 0.1 ml of a 1 : 10,000 dilution con 
taining 0 01 mg. Persons failing to react to this dose received a second injection of 0 1 m 
of a I : 100 dilution containing 1 mg These two doses are suitable for the average subjec * 
but it is wise to start with solutions at least 100 times more dilute when testing 
known to be suffering from inflammatory diseases of the eye or to have active tubercu osv 
and a high sensitivity. . 

purified protein derivative (p p d ). The purified protein derivative of Seibert 1 
highly purified and carefully modified derivative of tuberculoprotein from cultures ^ 
Dorset’s synthetic medium It is the least antigenic of all tuberculins, free of cons tit ucn^ 
from the medium, and keeps indefinitely as a dry powder It is now available in ta 
form in two concentrations The first dose of 0.00002 mg of P.P.D. is contains _ 

0 1 ml. when one of the weaker tablets is dissolved in 1 ml. of phosphate buffer 
Individuals who fail to respond to the first dose are given a second injection of 0 0* > 

(250 times the first dose) , prepared by dissolving the stronger tablet as above. A* w 
O.T., only one-hundredth of the weaker dose should be given to persons w " • 

marked sensitivity is suspected. This P.P.D has largely replaced other tubcrcuins 
diagnostic use. . .j, 

Active Immunization. Although some degree of immunity can be produced in tni 
by the injection of dead tubercle badlli, the protection so conferred is usually s i„ 
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the other hand, a guinea pig with an actne tuberculous lesion containing living organisms 
of low virulence is more resistant to supermfecuon, even if a highly virulent strain is 
injected. Calmette has attempted to produce a similar resistance in man by feeding chil- 
dren with living cultures of an attenuated strain (BCG) which, although producing 
tuberculin, has lost its pathogenicity by prolonged cultivation The efficacy of this pro- 
cedure can be judged only after prolonged trial In this as in all vaccination with living 
organisms there is always a potential danger of a spontaneous restoration of virulence, 
and many investigators are opposed to this procedure on that account. PetrofT and 
Steenken (1930) claim to have produced virulent, smooth forms from four different cul- 
tures of Calmette’s B.C.G. On the other hand, many thousands of children have been 
treated in this way with practically no ill-effects which could be ascribed to the vaccine. 
The dangers involved in the immunization of children in homes with tuberculous adults 
are of little moment in comparison with the greater likelihood of the children acquiring 
the disease if they are given no protection at all 
Treatment with Antibiotics and Drugs. Streptomycin is the only antibiotic thus far 
reported to have therapeutic action in experimental tuberculosis. Tubercle bacilli may 
develop at least one thousand times their original resistance to this antibiotic. Streptomycin 
is less effective in pulmonary than in extrapulmonary tuberculosis. Final conclusions con- 
cerning its ultimate usefulness must await further study 
Various sulfone derivatives (diasonc and promizolc) have been reported as having 
some activity in pulmonary cases 

Leprosy 

Mycobacterium Leprae ( Bacillus leprae) ( Hansen , 1874). This organism is 
accepted as the cause of human leprosy. It occurs sparsely in patients with high 
resistance and profusely in those who are highly susceptible. It is often very 
difficult to demonstrate in early cases before characteristic nodules have developed. 

Morphology, In size, shape, and staining M leprae is indistinguishable from the tu- 
bercle bacillus, but can be differentiated by the following points: (l) Leprosy bacilli are 
found ordinarily in huge numbers in the nodules (lepromas), chiefly within the so-called 
lepra cells, and arc often grouped in packets, arranged in a palisade, or in masses called 

“globi.” (2) Lcp ' "■ very 

feebly antigenic, * ‘ ... ■ 1 (3) 

Leprosy bacilli ds. ’ the 

tubercle bacilli, although there is some variation in the individual strains in this respect. 
(4) Leprosy bacilli cannot be cultivated in ttlro or transmit the disease to animals; 
guinea pig inoculation provides a reliable differentiation from tubercle bacilli. 

Cultivation Cultivation of the leprosy bacillus has been attempted repeatedly and ex- 
tensively, but with negative results Hanks faded to observe multiplication of the bacilli In 
tissue biopsied from lepers and maintained as fibroblast cultures for periods of three to 
seven months in ttlro ~ ' ' 1 ’ " ‘ 1 

both ehromogemc and * 1 ’ ■ . 

ing, acid fast bacteria f . 1 ‘ . 

7C> Traser and rlctehcr, Fddy, Evans, and many others failed to obtain such cultures from 
lepers having no ulcerated lesions Hanks cultivated them from nodules which were proxi- 
mal to open ulcers, but never recovered them, over a period of sis years, from the tissues 
in hotuikcratcd cases All such strains that have been cultivated have been found by Cor- 
don and Haagen m sods and have been classified by them as saprophyte*. Cultivated 
diphtheroids have also l>ecn claimed as causative agents, but they are also associated 
w uli nodules exposed to secondary contaminations. All of these studies confirm the opinion 
of McCoy that the true leprosy bacillus fias never been cultivated with certainty, and the 
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disease has never been transmitted artificially' to animals or to man by direct inoculation 
of leprous tissue. Our knowledge of the behavior of the leprosy bacillus, therefore, is 
derived solely from observations of the disease. 

Clinical Forms and Pathology of Leprosy. Leprosy differs from tuberculosis in several 
important respects' (1) It is not a destructive disease of the internal organs. Its mani- 
festations are due largely to the presence of the bacilli in the connective tissue of the 
skin and the peripheral nerves. (2) It is not characterized by hypersensitivity. The cu- 
taneous response to boiled bacilli corresponds to that of healthy individuals (in neural 
cases), or is absent (in lepromatous cases). (3) The causative agent has not yet been 
cultivated in vitro A clear understanding of the bactcriologic aspects of the diagnosis of 
leprosy is dependent on recognition of the different clinical forms of the disease. 

In neural (N) leprosy the infected persons show normal skin response to injected 
bacilli (lepromin), and the disease is confined to the peripheral nerves and to the cor- 
responding lepnd lesions in the skin jn which bacilli arc few or difficult to demonstrate 
This state is associated with varying degrees of nerve enlargement, particularly of the 
ulnar, anterior tibia!, peroneal, and other nerve trunks connected with the site of skin 
lesions. The skin manifestations include: (I) hypopigmented areas or macules, with a 
dry or crepe-paper appearance of the epidermis and loss of normal sweat and hair pro- 
duction, and (2) sensory disturbances which may include prickling sensations, inability 
to distinguish heat and cold, and relative degrees of anesthesia to light touch, deep 
pressure, or even to the pain of pin pricks or incision. Trophic bone absorption, contrac- 
tures, deformities, and incapacities arc common sequelae- 

Sections from the involved nerve trunks or of the terminal skin lesions usually reveal 
multiple perivascular foci of round and epithelioid cells. The difficulty of finding bacilli 
in such lesions has been responsible for various theories concerning virus or non-acid fait 
forms of the infectious agent 

A tuberculoid subtype of the neural form is characterized by skin lesions with distinctly 
raised and reddish margins. The margins may advance progressively over large and ir- 
regular areas like the spreading of a grass fire. Sections may reveal few or many baalh. 
In this respect these lesions are intermediate between purely neural and lepromitous 
lesions. Their tendency to activation and subsidence has at times led to" erroneously op- 
timistic opinions concerning the efficacy of various forms of treatment- 

Neural leprosy is less acute than the lepromatous form, and there is a higher incidence 
of spontaneous recovery. Patients with "burnt out” cases are paroled, but are kept under 


observation, since relapses are not uncommon. 

In lepromatous (L) leprosy the skin becomes infiltrated with inconceivable numbers o 
bacilli which stimulate the formation of new tissue, making nodules. In such person* 
the tissue becomes indifferent to the presence of the bacilli, there is no respond to th 
injection of killed bacilli, and susceptibility to the disease is at its maximum. Trie lepre 
mas, or nodules, may appear m successive crops, associated with fever, malaise, an' 
bacilli in the circulation, or they may develop insidiously as individual masses. They shov 
a predilection for exposed or convex body surfaces, such as ear lobes, face, and testes 
The membranes of the nasopharynx may become studded with nodules which, like thosi 
in the skin, may ulcerate and discharge enormous numbers of bacilli. Lymph nodes 
spleen, and liver may accumulate large numbers of bacilli. The lungs are seldom involve 

The pathologic study of lepromatous lesions reveals a solid granulomatous infiltrator 
with fibroblasts and macrophages, the latter being almost constantly stuffed with baai 
These lesions develop in the conum, about the small vessels, sweat glands, and hair bu * 
and may replace the original structures, they also occur as freely movable nodules in ' 
subcutaneous tissue The stuffed macrophages constitute the so-called "lepra or foamy 


cells in which the bacilli are often packed in bundles. 


Mixed neural and lepromatous manifestations occur in many patients 

Epidemiology of Leprosy. Leprosy, chough infectious, is but shghtfy contagious. CIt 
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have been but few cases among the staff personnel of leper colonies Marriage between 
a leper and a nonleper on the average results in recognized infection of the spouse in 
only about 5 per cent of such marriages Children are more susceptible than adults. Those 
in the Culion Leper Colony m the Philippines show their first lesions during the second 
year of life; irt about 30 per cent of the children infection is manifest by the end of the 
thtrd year. Some believe that infections may lie dormant from infancy until adolescence. 
In populations at large the majority of the cases arc first recognized in individuals between 
10 and 40 years of age. The disease occurs in all races and climates, but is most common 
today in China, India, Africa, the Philippines, Japan, and the Southwest Pacific. 

Since the incubation period may be from 1 to 10 or more years, it is difficult to trace 
the transmission of the disease. In studies by Rodriguez and Doull near Cebu (Philippines) 
the incidence was about four times higher among those who had lived in households or 
in a small group of houses in contact with a known case than in those whose contacts 
were unknown. Since persons with L-typc or bacteriologically positive cases disseminate 
enormous numbers of bacilli, the bacilli are doubtless inhaled and swallowed by close 
contacts and introduced into their cuts and abrasions The first recognizable lesions tend 
to occur on exposed parts of the body in children, particularly on the buttocks, cheeks, 
legs, or arms, and not in the nasal mucosa. 

All attempts to reproduce the disease by experimental inoculation of normal indisiduals 
have failed, but a few, unquestionable, accidental surgical infections have been reported. 
The apparently high resistance of human beings to experimental or contact infection is 
not yet explained 

Lepromin Reactions. As indicated, there is no increased hypersensitivity to leprosy 
bacilli or their extracts A 5 per cent emulsion of boiled nodule in salt solution with 
05 per cent phenol provides an abundance of bacilli for skin testing, and is known as 
lepromin. Following its intracutaneous injection, 95 to 9S per cent of normal persons and 
persons with neural cases respond with a slowly developing infiltration and induration 
during an interval of three or more weeks, which is known as a positive lepromin reac- 
tion. An almost correspondingly high proportion of lepromatous patients fail to react to 
human lepromin, but do react positively to lepromin prepared from the rat leprosy bacil- 
lus and to suspensions of acid-fast bacteria of the type which have been cultivated from 
leprous tissues. The relatively spcctfic inability of lepromatous patients to respond to 
human lepromin and the positive response to other acid fast bacteria afford an aid in 
differenuating true leprosy bacilli from related organisms 
•The acute exacerbations, known as the lepra reaction, in the indolent course of the 
disease are believed to have an allergic basis, but involve minor degrees of elevated cell 
response which never approximate the sensitivity characteristic of tuberculous or other 
bacterial infections. 

Laboratory Diagnosis. Laboratory diagnosis is secondary in importance to 
careful clinical observation and study, especially in very early or in neural cases. 
The demonstration of leprosy bacilli by staining is a very important step in the 
diagnosis of scxallcd bacteriologically positive leprosy, and the only laboratory 
diagnostic test of any significance. Owing to the desirability of ascertaining if 
cases can be classified as dosed, or relatively nomnfcctious, it is a step of great 
importance from both the administrative and clinical point of v iesv. 

RAcrtRtoLOGtc findings. In pure neural cases the diagnosis » usually dependent on 
clinical findings, and the prospects of demonstrating bacilli by any method short of 
biopsy and prolonged study of sections is rather poor Owing i» the possibility of mixed 
N and L infections, smears should be made from the nasal mucosa (after careful surface 
swabbing) by abrasion or scraping of the membranes themselves, and also scraped skin 
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incisions from the margins of macules, anesthetic areas, tuberculoid lesions, or suspicious 
blemishes. Success is dependent on sampling every site in which manifestations of 
leprosy arc recognizable. Slides made from such sources must be searched carefully and 
patiently. 

Because of the abundance and the widespread distribution of bacilli in lepromatous 
cases, their demonstration by scraped skin incision is very easy. The sites of first choice 
are the ear lobes, and any other skin areas which excite interest. It must be remembered 
that a case may be lepromatous without nodules and that the bacilli may be diffusely in- 
filtrated throughout th? skin. In a typical case all samples from skin lesions, nasal septa, 
lymph nodes, etc., will yield abundant bacilli, and no special search is required. Negative 
observations from lesions which appear lepromatous suggest that the case may actually be 
tuberculoid and that a very careful search for the bacilli should be made. Although 
leprosy bacilli have repeatedly been demonstrated in the blood of lepromatous patients, 
the results are too uncertain to be of diagnostic interest. In staining leprosy bacilli the 
Zichl-Neelsen method is used, 

It must be borne in mind that large numbers of acid-fast bacteria are required for their 
observation by microscopic methods, and that conclusions concerning the absence of 
bacilli are justified only after repeated sampling and study. This is especially true in pa- 
tients who appear for primary diagnosis, or for prospective parole 

blood and serology. In lepromatous leprosy the sedimentation rate of the red blood 
cells is increased in proportion to the gravity of the disease. These tests may provide 
indices of clinical progress, but are not diagnostic. 

The Wassermann and the precipitation tests for syphilis give a falsely high incidence of 
positive reactions in leprosy, particularly in lepromatous cases. In general the incidence of 
positive reactions js associated with the gravity, or the reaction state, of the disease, and 
is not due to widespread yaws or syphilis m lepers. In the spinal fluid from lepers the 
serologic tests remain reliable. 

cHEMOttiEkAPV in leprosy. The work with promine by Faget and others at Carvillc 
(1946) has been confirmed and extended by the use of prom i?. ole and diasone (1947), 
which have the advantage that they can be administered by mouth. These studies are of 
particular significance because they have been confined to lepromatous cases, the clinical 
type m which no treatment has hitherto been of benefit. Patients usually begin to in*' 
prove only after six months of treatment. Results with promine, which has been studied 
over a period of four years, showed that the incidence of bacilli m the lesions had de- 
clined by the end of the second year and continued to decrease throughout the four 
year period. Ulcers and secondary infections were controlled and there was no formation 
of new lesions. The drug appears to function as a bacteriostatic rather than a destruc- 
tive agent for the bacilli Though far from being ideal therapeutic agents, these sulfone 
drugs are the first which have been shown to be effective in lepromatous leprosy. 

M. Leprae-murium (Stefan 1903). This bacillus is the cause of a natural 
disease in rats (rat leprosy) which is prevalent in Europe, Asia, and Amenta 
Morphologically it is indistinguishable from M. leprae, and attempts at cultivation 
have also been unsuccessful. In spite of their similarity the two organisms an 
diseases are distinct, as shown by the inability of the human bacillus to infet 1 
rats, and the frequently positive response of lepromatous individuals to r,{ 
lepromin. 

The rat infection is always of the lepromatous type, and the lesions can develop 
in almost any part of the body. Histologic sections of the skin nodules show t e 
same granulomatous infiltration in the corium and large rat lepra cells (histiocyte* 
according to Oliver) packed with bacilli. 
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The disease can be transmitted to rats and some strains of mice. Infection takes place 
as readily through skin abrasions as by subcutaneous inoculation. It is believed that the 
natural infection is acquired through the skin, possibly from bites. Mechanical transmission 
by rat fleas is possible Rat leprosy serves as an experimental disease in some phases of 
leprosy investigation 


Actinomyces and Nocardia 

The actinomycetcs, the causative organisms in actinomycosis, present character- 
istics of both fungi and bacteria and have been placed by some systematists in an 
intermediate position. For convenience, and to comply with recent bacterjologic 
usage, they are placed, together with the mycobacteria, m the family Actinomy- 
cctaccac. 

Two genera are involved in actinomycosis infections: Actinomyces and No- 
cardia, 

Characteristics. Members of both of these genera grow in delicate branching filaments 
about 0 5 to 08/4 in diameter These segmented filaments break up into fragments 
having the appearance of diphtheroids They are Gram positive and nonmotite. Some 
species of Nocardia are acid fast The genus Nocardia is aerobic and forms a mycelium 
which sends up short aerial hyphae giving a powdery appearance to the growth. The 
genus Actinomyces is anaerobic and does not form aerial hyphae, the growth being mote 
or less rough, wrinkled, and waxy in appearance 

Although a number of species have been named, there are three members of this 
group of special medical importance 

Actinomyces Bovis. This species is the cause of acttnomycosis, a condition 
which occurs most commonly as “lumpy jaw” in cattle and as localized cervico- 
facial or generalized infection in man. 

This organism is anaerobic. It is found in the mouth, especially about the teeth 
and gums. Emmons (1936) found it in the crypts of .-17 per cent of 100, and later 
(1938) in 37 per cent of 200, pairs of tonsils routinely examined. In man the in- 
fection is most commonly cervicofacial, but it may be thoracic or abdominal. 
Cervicofacial infection has the most favorable prognosis. Actinomyces bovis has 
never been isolated from sod or vegetation, and its natural habitat is probably the 
oral cavity. The disease is a chronic suppurative process characterized by forma- 
tion of granulomatous lesions which break down and discharge through fistulae 
and sinuses. Bone may be also infected The pus from the lesions commonly is 
found to contain small yellow granules (“sulfur granules,” “Druscn”), usually about 
30 to 40/i in diameter, though they may be much larger. 

These granules should be examined microscopically as fresh preparations by placing a 
loopful of material containing a granule on a slide and crushing it under a coverglast. If 
the sulfur granules are hard to find, Conanr <t ak <1945) suggest placing a piece of stenle 
gauze over a draining sinus overnight, the next morning granules may usually be found 
on die gauze. The granules will be seen, microscopically, to consist of one or more "ro- 
settes," Each rosette is composed of a central core of tangled, branching filaments. The 
hyphae near the edge of the granule have a radial arrangement and terminate in club- 
shaped structures Tins club appearance « caused by the deposition of material around 
the tips of the filaments. 
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Cultures are made by placing carefully selected and washed granules in chopped-meat 
broth, thioglyeollate semisolid medium with dextrose, or deep dextrose veal infusion 
agar- The medium should be near neutral point. In liquid medium A. bovis grows in the 
bottom of the tubes as discrete, often “fuzzy,” white colonies; in the veal infusion shake 
cultures the white cuneate colonies are found 5 to 10 mm. below the surface, and at 
greater depths. The cultures should be transferred every 10 days. 

Nocardia Madurae. Nocardia madarac is one of the causes of mycetoma or 
Madura foot. It is probable that it grows as a saprophyte in the soil and enters the 
skin through punctures and abrasions. The organism is aerobic. Mycetoma occurs 
most frequently in tropical and subtropical zones, but may be found in many other 
regions where people habitually go barefooted. The infection may begin as a single 
papule or multiple papules which form abscesses and rupture with fistula forma 
tion. The whole foot (and occasionally hand) may become involved, including the 
bones. The condition is progressive and chronic, with no systemic reaction. 

The diagnosis is made, as in actinomycosis, by examining granules microscopically and 
cultivating them N madurae produces white to yellow granules which are firmer than 
those of A bovis Other organisms may cause this clinical picture and produce granules 
of other colors 

Nocardia Asteroides. This microorganism is aerobic and acid-fast. Its habitat is 
soil, but it has been found in a number of lesions such as brain, lung, subcutaneous 
abscesses. It is blood-borne. It occasionally forms white granules but is usually found 
as scattered branching hyphae. N. gypsoides is probably identical with N. as- 
teroides. 

Actinobacillus Lignieresi. Actinobacillus lignterest causes an infection in cattle which 
may be confused with cervicofacial actinomycosis Only soft tissues are involved in this 
infection. Differential diagnosis can be made by microscopic examination and by culture 
The organism has no relation tp Actinomyces and is discussed on p. 122. Animal inocuia 
tion is of no value. 


Cacyaebactecia 

Diphtheria Bacilli and Diphtheroids 

Corynebacteria are described in Bergey’s Manual as slender, often slightly curved 
rods, with a tendency to clubbed and pointed forms, and with branching m 0 
cultures. In staining they may appear solid, barred, or with granules. They are 
Gram-positive, non-acid-fast, nonmotile, and usually aerobic. The type species? 
C. diphthcriae, produces a powerful exotoxin, and is the cause of diphtheria 
Twenty-one species of this genus have been named. The members of the group 
other than the diphtheria bacillus are usually termed “diphtheroid” bacilli. These 
diphtheroids are widely distributed in man, animals, and insects. They are re 
tively resistant to drying and may remain viable for a long time in air and u st * 
They are among the most common contaminants in bacterial cultures. Diffcrenti 
tion from the true diphtheria bacilli must often be made. 
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Corynebacterium Diphtheriae {Baallus diphtheriae) ( Discovered by Klebs, 
188S, and Cultivated by Loefller, 1884) Diphtheria bacilli arc present in large nutn- 
bers in the characteristic ulcerations ot the throat in diphtheria and in the secre- 
tions of the nose and pharynx Inhesions ot the nose, middle car, and larynx oc- 
casionally occur. The mucous membrane ot the vagina or the conjunctiva may be 
infected. Skm wounds may become iniLCted A form of tropical ulcer designated 
“Veld sore,** common in various desert regions, has been shown to be due, m some 
instances, to the diphtheria bacillus A diphtheritic angina may be complicated by 
a superadded infection with other organisms, particularly hemolytic streptococci 
or Vincent’s organisms. In such casts the clinical picture may be misleading, and 
recognition of the underlying condition depends upon careful bacteriologic studies. 


MoRPHatocv. The diphtheria bacillus w«»Ny ^ lender, straight, or slightly curved 
rod with characteristic beading or banding, and small, deeply staining polar bodies or 
mctachromatic granules at either end The latter may be seen in an IB-hour culture, but 
arc more abundant after 30 hours The granules are brought out best with Neisser’s stain, 
but LoefHcr’s methylene blue is the most satisfactory stain for general purposes. Some 
forms tend to be very short and io show a solid staining In culture the bacilli may show 
pear-shaped or clubbed forms They arc frequently arranged in a V or Y figure, and, what 
is most characteristic, show a palisade arrangement Short chain* may occur. Diphtheria 
bacilli are Gram-positive, but not so tenacious of the gentian violet as are the cocci, and 
decolorization should not be earned too far 

CuiTtauL CiiAMCTEius-nw The diphtheria bacillus growl best at 3/ C on media en- 
riched vvilh serum or blood Loeflicr's blood serum rr ibe medium most commonly used 
for initial culture. The diphtheria bacillus grows so rapidly on this medium that it out- 
strips many of the contaminating bacteria Tbe colonies are ar first smalt, whitish, and 
opaque; later the center become, heaped up and the edges characteristically erenated. 
This organism grows luxuriantly on blood agar and, unhke the diphtheroid!, often pro- 
duces a narrow rone of hemolysr, around the colon, er For isolation m pure culture, 
(rune tellurite blood agar IS recommended (Frob.sher, 1937) Potassium lclur.tr 1, re- 
duced by the diphtheria bacillus, and the colonies, which are dark gray or black in the 
center with a lighter prr.phr.al goer, ..and our ronsprcuoud. Many varmrons of potas- 
sium tellurite medium have been de.cr.bed In broth the b.c.tl. tend to grow on the 
sotface and form a pellicle. And but not gar rs produced m dextrose and Mott, and 
generally in galactose, maltose, destrrn. and glycccol No fermentalron occur, m lae OK, 
saccharose, and mannitol There rr no proteolytre acnvrty. Indol .. not formed Milk is 

not acidified or coagulated , , . . , 

VaatATlou Smooth, rough, and mtermedra.e r )T er have been noted In cultures and 
alvo in ,hc throats of convalescent. The S t,pe. lose .her, violence are the transforms- 
non to the R forms. Typical, vrrulen. S form, have not been produced expcrrntenLlly 
from the R cultures The rv.de divergence of morphologic form, it not competed ar 

'’tTw" Anderron, Hsppold. McLeod, and Thomson (1931) drvcnbc.l three type, of 
diphtheria bacilli which have since been obverved by many other workers The type 
designated a. non was found arsoeiatcd whir an especrally revere clinical picture, and 
the type known as nr.trr with milder form. 1 he type mrrrmrd,,., he. between .he two 
Difference, in morphology and cultural feature, have been described as character,.., of 
there type. On tellur, rr blond medium, clonic, of the irar.r type are irregular rn null, nr 
and radially arrrarrd, wnh a very dark cemrr. whrrra. error dome are round, .month, 
hemispherical, and rl.tr gray in dor Tire bacrllr of .he par, r.pe are rnehned hr be 
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short and solid-staming, to be nonhemolytic, and to ferment starch and glycogen The 
tiuits type usually shows granules, is hemolytic, docs not ferment glycogen or starch The 
grafts type has been found frequently in severe and intractable diphtheria in Europe, but 
has been infrequent in the United States. Frobisher (19-12) questions the clinical value 
of type determination in individual cases since at least one week is required. However, 
such a procedure is undoubtedly useful in epidemics due to a special form, and gives 
valuable information to the epidemiologist. 

Toxw and Toxoid. The diphtheria bacillus in its grovvth in the body and in 
suitable culture media produces a soluble toxin (Roux and Ycrsin, 1888) which « 
responsible for the systemic manifestations and sequelae of the disease. The 
toxins elaborated by different strains are antigcnically similar, but the quantity 
produced varies greatly with the strain used, and with cultural conditions. 

To prepare the toxin, broth cultures of a suitable strain, known to be a good toxin pro- 
ducer, are made and incubated for about a week at 34“ C. The medium is distributed in 
shallow layers in order to provide an abundance of oxygen which is needed for good 
toxin formation A slightly alkaline reaction (pH = 78 to 8.0 ) and the absence of sugar 
are favorable. The culture is then filtered and stored in a dark, cool place to retard de- 
terioration After a preliminary diminution in toxicity known as ripening, the toxin remains 
relatively stable under suitable conditions A single strain, isolated by Park and Williams 
(No. 8) m 1895, is still used extensively for commercial toxin production An MLR* 
(minimum lethal dose) of toxin is the minimum quantity which will kill a 250-Gm gtune* 
pig in tour days. The strength is usually expressed as a decimal of a ml.; c.g, 0001 ml 
1 M L.D 

In the deterioration of toxin, substances are formed called toxoids, which, although 
not in themselves toxic, are capable of neutralizing antitoxin, and which are antigenic- 
This change can be accelerated by the addition of formalin (0 2 to 0.4 per cent) After 
several weeks incubation at 37" C all of the toxin is converted into toxoid. The con- 
version is regarded as complete when 5 ml injected subcutancously'oc intraperitonaJiy 
into a guinea pig produces no effects. This toxoid is of great value in the active immuw 
zation to diphtheria 


Pathocenicity. Diphtheria bacillus infections, whether in the throat or else - 
where, are almost invariably localized, and the systemic manifestations are dut 
to absorption of the soluble toxin into the blood stream. Although the disease doef 
not occur naturally in animals, it may be produced experimentally in a number o 
species. Guinea pigs arc very susceptible to the toxin and may be killed by 
little as 0.00025 ml. Characteristic lesions are produced by the injection of 1 c 
bacilli, which multiply locally and elaborate a toxin, or by the injection ° f 1 e 
toxin itself. At the site of the inoculation there is an edematous, inflammatory 
swelling, with enlargement of the neighboring lymph nodes. The lungs ar c coD 
gested, and there are often hemorrhagic pleural and peritoneal effusions. The mos 
characteristic finding in early deaths is in the enlarged and hemorrhagic a J ’^ na 
Frobisher (1942) has found that young chicks are susceptible to virulent 'P 
theria bacilli and to their toxin. He has used them successfully instead of g' i,De 
pigs for virulence tests. . ^ 

Laboratory Diagnosis. This depends upon identification of the organist 11 
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stained films from the exudate and from cultures made on LoeSer’s blood serum. 
It is often necessary to demonstrate the pathogenicity of the strain by means of 
virulence tests in guinea pigs, rabbits, or chicks. 

stained films. On account of the distinctive morphology of the diphtheria bacilli it is 
possible to obtain immediate presumptive evidence in about 30 per cent of acute cases 
by demonstrating the organisms in smears from the local lesions. Ail antiseptic solutions 
should be discontinued several hours pnor to obtaining the material for study The 
smears should be stained with Loeffler’s methylene blue or by Neisser's method It is often 
helpful to make a Gram stain also, taking care not to carry the decolonization too far, 
since diphtheria and pscudodiphtheria bacilli, and the fusiform bacilli of Vincent are the 
only Gram-positive bacilli likely to be lound in the throat. The latter stain readily with 
Loeffler’s stain, and are conspicuous on account of their size and distinctive morphology. 
The spirochetes, svith which they arc always associated, arc usually demonstrable with a 
good Loeffler stain although they may require a stronger one Recognition of these 
organisms it very important since fusospirocheui infecUons may be indistinguishable 
clinically from diphtheria, or may complicate it 
cultures. Cultures on LoefRer’s medium should be made in all cases. Growth on this 
medium is rapid, and smears from the growth will usually show ihe diphtheria bacilli 
within 12 to 18 hours If negative the cuJtures should be re-examined after 24 and again 
after 48 hours. Cultures from the nose 3nd throat are also used to determine the period 
of Isolation and to detect carriers Since asirulcnt organisms are frequently present in 
normal throats tt is often necessary to test the virulence of the organism found For this 
purpose a pure culture must be obtained by plating, preferably on a tellurite blood agar 
plate. Obtaining a pure culture, identifying it by fermentation tests, and determining its 
pathogenicity by virulence tests constitutes competed evidence for diagnosis. 

vtauLtuct test . (a) Subcutaneous Method Two ml of a well-grown 48-hour broth cul- 
ture are injected subcutaneously into a young guinea pig weighing from 200 to 250 Cm. 
If the organism is virulent, death will occur in from two to four days with the charac- 
teristic pathologic changes previously described A control test should be made on a 
guinea pig which has previously received 500 units of diphtheria antitoxin 
virulence test (A) IntraculJfteonf Method Fraser and Weld (1026) described an in- 
tracutaneous method, using either rabbits or guinea pigs, which permits the me of the 
same animal for both "test'' and “control” injections A suspension of the culture to be 
tested is injected intracutaneousiy into a nontmmune animal; four to five hours later 500 
to 1000 units of antitoxin are injected (intravenously into rabbit and intracardully into 
guinea pig). Immediately thereafter the original culture suspension is injected into fresh 
areas Lesions reach their height in the guinea pig in 4S hours and in the rabbit in 72 
hours. A positive reaction is manifest by a central necrotic area surrounded by a zone of 
redness; the negative reaction is indicated by a small, pinkish papule. “Fteld cultures*' 
may came complications in reactions, so should be used only when necessary; m such 
cases the guinea pig is the better animal 

Several strains may be tested on one animal l>y giving 0 15 ml. of the suspended culture 
of each intradcrmally, and observing the local lcvion. A conttol pig winch has been in- 
jected 24 hours previously with 500 units of antitoxin ts inoculated in the same way If 
the culture is virulent the test pig will develop an inflammatory reaction and later an 
atea of necrosis about the puncture, while the control pig shows no reaction. Asirulcnt 
organisms produce no reaction in either animal 
vtRtiFv.ee TrtT (r) r tahtsher / [1042} Chic ^ Method Seven- to twenty -day-old chicks 
arc used About 2 ml of a -Khour broth culture is injected into the vul'cuuncouv areolar 
tissues dot sally between wing insertions Only pure cultures arc used About one hour 
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especially apt to cause such a reaction. It has nothing to do with susceptibility to diph- 
theria toxin since this is destroyed by the heating. It appears sooner than the true reaction, 
is more urticarial in type, and disappears more rapidly, usually within 48 hours. Combined 
reactions may occur and require considerable experience for their correct interpretation. 

The great value of the Schick test is in the determination of susceptibility. Table 8 
shows the percentage of susceptibles in different age groups. The low percentage of 
positive reactions in subjects under six months of age is due to a transient immunity 
inherited from the mother 

Serum Therapy in Diphtheria In the preparation of antitoxin, horses are injected sub- 
cutaneously with the toxin or broth filtrate at weekly intervals for three or four months 
When each ml. of the serum is found to contain about 250 to 500 antitoxin units the horse 
is bled from the jugular vein Some sera contain as much as 1300 units jn 1 ml. Methods 
of purifying and concentrating antitoxin are now generally employed which depend upon 
the principle that the antitoxin in the horse serum is precipitated with the globulins which 
come down when various precipitating agents are used. By thus eliminating other pro- 
teins, the total amount of foreign protein per unit is reduced and the dangers of a 
serum reaction correspondingly lessened. 

Antitoxin should be given promptly as soon as the diagnosis of diphtheria is made. If 
the case is clinically suspicious, antitoxin should be administered without waiting for the 
result of a culture. The statistics of Zinghcr indicate that the mortality approximately 
doubles with each day that the administration is delayed. In mild cases 10,000 units are 
given. In the malignant cases as much as 40,000 units should be used. The antitoxin is 
usually given by intramuscular injection (not subcutaneously), but m severe cases 5000 
to 10,000 units should also be given intravenously, particularly if the larynx is affected, or 
if administration has been delayed It is desirable that the entire amount needed be given 
on the first day Much larger doses are sometimes given, but it is probable, as Park be- 
lieved, that nothing is gained by exceeding these quantities, or by repeating these doses 
daily. Tests for hypersensitiveness (see p 295) should precede administration. 

Immunization : passive immunization Passive immunization with 500 units of diph- 
theria antitoxin is given to Schick. positive contacts when it is necessary to produce im- 
munity quickly This, however, protects only for two or three weeks. 

active immunization When diphtheria toxin is treated with certain substances such 
as formalin, its toxic properties arc destroyed by conversion into toxoid, while its im- 
munizing ability is retained This product has been used extensively in active immuniza- 
tion Three injections are given It may, however, cause marked general reactions in older 
children and adults, owing to a hypcrsensitivcness to the proteins in the broth culture. 
These mdmduals give a pseudoreaetton to the heated toxin used as a control in the 
Schick test When this occurs the initial dose of the formol toxoid should be small, the 
quantity being increased if the reactions are not severe. If this reaction is very marked 
toxoid-antitoxin flocculcs (purified precipitate formed by the action of antitoxin on 
toxoid) can be used 

The precipitation of toxoid by 2 per cent alum (Glenny, 1931) increases its efficacy 
Two injections of this preparation are given about six weeks apart. Both toxoids arc 
carefully standardized and the dosage is indicated on the labels. 

The immunity produced by these methods develops within a few months and may 
persist for years Maintenance of the immunity, however, appears to depend upon casua 
contacts with diphtheria bacillus carriers. The development of immunity is determine 
by the Schick test For the complete control of the disease all children of preschool ag c 
with a positive Schick reaction should be immunized. The effective use of the antitoxin 
in treatment and particularly the immunization of susceptible children have rc ”“f* 
the mortality from diphtheria in New York per 100,000 from 86 in 1895 to 1899 to 2. m 
1931 and 0.2 in 1946. 
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Diphtheria Carriers. Diphtheria is spread by convalescent and healthy carriers, 
and their detection is, therefore, of great importance. The organisms may occur 
either in the throat or nose, and both must be examined. Ordinarily a convalescent 
becomes free from the bacilli within a few weeks, but occasionally a chronic carrier 
state develops. The bacilli may lodge in the crypts of the tonsils, and tonsillectomy 
may be necessary to dear up the condition. It must be remembered, however, 
that some morphologically typical bacilli are not virulent, and that quarantine of 
persons showing only avirulent organisms is not justified. The pseudodiphthena 
bacillus is a common inhabitant of the throat, but it can usually be distinguished 
morphologically from the true diphtheria bacillus. If any doubt arises the virulence 
must be tested 


Corynebactenum Pscudodiphtheriticum (B ftoflmanmi) Tins bacillus is a harmless 
saprophyte which is frequently found in healthy throats. It has no medical importance 
except that it must be distinguished from the diphtheria bacillus This is usually possible 
by the morphologic and cultural characteristics alone and alwavs by guinea pig or chick 
inoculation 

Pseudodiphtheria bacilli usually tend to stain solidly, or to hase at most only a 
single unstained segment They are shorter, thicker, stockier, and do not curve so grace- 
fully They grow more luxuriantly, and are often chromogemc There is no hemolysis on 
blood agar. They produce very little acid on sugar media; some produce none They do 
not produce a toxin, and arc not pathogenic for guinea pigs 

Corynebactcrium Xcrose (B xerosis). Tins organism was first isolated from the 
conjunctiva of a form of chronic conjunctivitis known as xerosis, but since it is frequently 
present in the normal conjunctival secretion its pathogenicity is dubious It resembles 
the diphtheria bacillus closely but differs in the following respects: (l) It does not 
usually show polar bodies with Neisser’s stain (2) It grows more slowly and delicately. 
(3) It forms a«d from saccharose and dextrose buc not from dextrin (4) It is not 
pathogenic for guinea pigs 

The following table gives the diflcrcntiaUon of three of the corynebactcria by their 
fermentation reactions. 


TMe 9 

FlXMOTATIOI R» ACTIOS* Or GO»YVS»SCTT*IA 

Spreiei 

C diphthmar 
C. I’truJodtrlithenticum 


Dettroir 1 SJtehjtoif 


Other diphtheroid bacilli have been isolated from many different sources — skin, urine, 
ascitic fluid, spleen, lymph nodes, etc Their presence in the lymph nixies 1m led to the 
belief that they were the cttologic agent in various diseases— 1 lexigkin’s disease, arthritis, 
leprosy, etc. They arc found so frequently in normal tissues, however, that the assumption 
that they are the cause of any specific disease from llm finding alone is unwarranted 
They arc among the most insidious and troublesome contaminants in cultures from 
human tissues. 
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Listeria and Erysipelothrix 

Listeria Monocytogenes { Murray , Webb, and Swann, 19 26). Listeria monocyto- 
genes is the only species in its genus. It is a very small Gram-positive rod which is 
motile. In morphology, it bears some resemblance to small diphtheroids and is 
found singly, in V and packet arrangements, as well as sometimes in short chains. 
It is cultivated readily upon enriched media, and on blood agar the round trans- 
parent colonies are hemolytic. It is aerobic and facultatively anaerobic. It is not 
very active biochemically, though it produces acid in dextrose, rhamnose, and 
saiicin. It does not liquefy gelatin, form indol, nor reduce nitrates, fulianelle 
(1939) has described two serologic types. 

This organism is pathogenic for a number of animals. It produces an encephali- 
tis in ruminants and in swine, and a generalized infection in fowls and rodents, 
especially mice. There is a marked increase in mononuclear leukocytes in these 
infections. Listerellosis also occurs in man, and the organism has been isolated 
from at least 20 cases. It is suspected to be the cause of infectious mononucleosis 
in man, but its etiologic role in this disease is not definitely proved. 

Erysipelothrix Rhusiopathiae. This organism is important chiefly as the cause 
of swine erysipelas. It may also produce a disease in man termed “erysipeloid ” as 
distinguished from true erysipelas of streptococcal origin. It is contracted by man 
through skin abrasions in handling materials of animal origin, or fish and shell- 
fish. In the United States it is often called “fish-handlers’ disease.” Although human 
infection may occasionally be septicemic, the usual type is an edematous erythema 
occurring on the hands, which runs a self-limited course of about a month. 

The organism is a small, slender, nonmotile. Gram-positive rod, which grows 
well on ordinary culture media, and is somewhat micro-aerophilic. Smooth colonies 
are very small, round, and transparent; the rough form occurs in long chains, and 
forms colonics resembling anthrax although very much smaller. Rough cultures 
grow in broth in masses of tangled threads. Fermentation reactions are variable; 
indol is not formed, but nitrates are reduced and hydrogen sulfide is produced. 
Diagnosis is by cultivation of the organism from the lesion. 


Lactobacilli 

Lactobacilli comprise a group of non-spore-bearing, nonmotile bacilli, varying 
in size from smalt coccobacillus types to long slender rods. These bacilli are 
Gram-positive but are relatively easily decolorized; even young culture may 
contain some cells that appear Gram-negative, and old cultures may seem en- 
tirely so. Sometimes the organisms have a granular or beaded appearance. They 
may occur singly, in chains or filaments, or in palisades. Surface colonies are usually 
1 to 1.5 mm. in diameter, and may appear smooth or rough. Lactobacilli pro- 
duce acid (tactic), but not gas, from many carbohydrates, and are capable of 
resisting a considerable concentration of acid in their environment, thereby being 
sometimes called the “aciduric” group of bacteria. They do not grow in car o- 
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hydrate-free media, and also require vitamin B fractions such as liver, yeast ex- 
tracts, or tomato juice. Most species grow either under aerobic or anaerobic con- 
ditions, but anaerobiosis is often preferred. 

Some species are normal inhabitants of the mouth and intestinal tract, consti- 
tuting the major portion of the intestinal flora of nursing infants. They are also 
found in the vagina and in milk and cheese. 

Classification of the lactobacilh is not entirely satisfactory. Many varieties, 
named according to source, have been found to be identical with strains from 
other sources. At least 15 species seem to be well recognized, though about 40 have 
been described. 

None of these microorganisms are known to be pathogenic; however, L. act - 
dophtltts has been shown to be closely associated with lesions of dental caries. By 
the use of lactobacillus counts in saliva it is possible to classify individuals as to 
whether or not they are susceptible to dental caries; and also to determine whether 
or not the disease is in an active stage in the individual. 

Within the past 10 years, some of the lactobacilli have been utilized in the 
biologic assay of both vitamins and amino acids. (Synthetic media with a casein 
base arc generally used for this purpose (Snell, 1945)). 

Lactobacillus Acidophilus (A loro, 1900). This bacillus is a normal inhabitant 
of the mouth and intestines of more than 90 per cent of individuals. A high count 
in the saliva is usually associated with a high count in the intestines, and it has been 
suggested that those found in the intestines have been swallowed. The Boas-Oppler 
bacillus (L. boas-oppleri), reported as being recovered from stomach contents, is 
probably a variety of L. acidophilus L. btfidus (Tissier, 1900), so named on ac- 
count of the frequency with which Y-shaped forms are found, occurs in the 
stools of nursing infants. It is usually described as an anaerobe, though after 
isolation it may become adapted to aerobic conditions. It is probably a variety of 
L. acidophilus. A carbohydrate environment favors the increase of L. acidophilus 
both in the mouth and in the intestines. 

As mentioned above, a high incidence of L. acidophilus in the mouth is as- 
sociated with dental caries. Lactobacillus counts are made by culturing saliva 
quantitatively on tomato-juice agar plates (Kulp and White, 1932) (see p. 357). 

Doderlcin’s bacillus (1892), a common organism in the vagina, is identical with 
L. acidophilus. The marked acid reaction produced in vaginal secretions is thought 
to help prevent the occurrence of puerperal infection. 

Cultures of L. acidophilus are used in the preparation of buttermilk. 

Lactobacillus Bulgaricus. L. bulgaricus is very similar to L. acidophilus but 
is usually found as a saprophyte in milk and milk products. It was originally iso- 
lated from Yoghurt by Grigoroff (1905). MetchnikoiT advocated drinking milk 
fermented with L. bulgaricus on the theory that this organism replaced putrefac- 
tive microorganisms in the intestines. Later experience has shown that L. bulgari - 
cut is rarely implanted in the intestines, whereas L. acidophilus is easily estab- 
lished in such an environment. Cultures of L. acidophilus arc now used when such 
fermented milk is desired. 
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Lactobacillus Casei, L. Arabinosus, and L. Fermenti. Lactobacillus case i has 
been used extensively in the assay of various vitamin B fractions, employing a 
synthetic medium of known composition, usually with a casein hydrolysate base. 
L. arabinosus and L. fermenti have also been used for this purpose and for the 
quantitative determination of certain amino acids. This subject has been thor- 
oughly reviewed by Snell (1945). 



CHAPTER 5 


Gram-negative Bacilli 


Key and Notes 

Key to the recognition of non-spore-bearing, Gram-negative bacilli: 

Family XI. Parvobacteriaceac Small Gram-negative rods Not acme in fermentation of 
carbohydrates Parasitic 

Tribe* Hemophdcae Minute rods, sometimes thread forming and pleomorphic. De- 
pendent on some factor contained in blood or plant tissues. 

Aerobic. 

Genus. Hemophilus Nonmottlc 

A. Chiefly affecting respiratory mucosa and conjunctiva. 

1 // influenzae (Pfeiffer’s bacillus) 

2 H sms (associated with swine influenza) 

3. // hemolyticns 

4. H paramfluenzae 

5. H pertussis 

6. II conjunctutttdts (Koch-Weeks bacillus). Regarded by many as 
identical with H influenzae 

R. Affecting the genital region 

7. // ducreyi (Ducrey's bacillus). 

Genus: M or ax el h 

I M laeunatus (// laeunatus, // duplex, Morax-Axenfcld bacillus) 

Genus Noguehta Motile, encapsulated 

1 IV granulosis Found by Noguchi in cases of trachoma. 

Anaerobic 

Genus Dtahster Nonmntile 

I D pnemnosintes (Pact pneumosmtes of Ohtsky and Gates). Found in 
nasopharyngeal secretions 

Tribe: Rrucclleac Small Gram negative rods which grow on ordinary media 
Genus, llrucella 

1 Ur niehtcnsis (Pact mr/itense. \hc mchfensts) Cause of Malta fever 

2 Ur abortus (Hang’s bacillus) Causes contagious abortion in cattle, 
brucellosis in man 

3 Ur sms Causes contagious abortion in cattle and swine, brucellosis in 
man. 

4 Ur bronchiseptica Causes acute infection, chiefly respiratory, m dog*, 
cats, rabbits, guinea pigs, and other animals Related to Ur abortus 

Tnbc. Pastctirellcae Small Gram negative rods, showing bipolar staining Aerobic. 
Genus Patteurella 
Growth on ordinary media 
J Nonmotile. 

A. Indo! and l!;S produced No growth in bile Sorbitol fermented Many 
animal strains 

1. /’ anaJj (P atitepfica) Causes chicken cholera )„ . , 

2. P munetda (/’ munseptica) Rodents, chiefly rats. J W1 ,0Ci ** 
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1 P, mul toad a 


3. P. sutlla (P stiisepuca). Sivinc plague. 

4 P. cunictdtcida (/* leptseptica) Snuffles in rabbits 
B. No indo! nor HaS produced. Growth in bile. Sorbitol not fermented 

5. P pestit (B. pestss). Cause of plague. 

11. Motile lis$ produced Indol not produced. 

6. P pseud otuberculosis ( Corynebactenum pseud otuberculosis). 

No growth on ordinary media. 

7. P. tularensu (B tttlarcnse ). Cause of tularemia. Requires special growth 
factors found in egg or blood; cystine. 

Genus; hlalleoruyces Short Gram-negative rods with rounded ends, sometimes in 
threads and showing a tendency to branch Grow well in media contain- 
ing body fluids. Highly parasitic. 

1. M mallet (B mallet, Actmobaallut mallei). The cause of glanders 
Nonmotile No carbohydrates fermented. 

2. Af pseudomallet (B whitman) Causes an infection resembling glan- 
ders Motile. Some carbohydrates fermented. Gelatin liquefied. 

Genus: Actmobaeillus Small Gram-ncgatne rods, often coccoid, but may form 
chains in liquid media. Form granular aggregates in cultures and tissues 
1 A hgnieresi Causes a disease resembling actinomycosis in cattle, goats, 
and sheep 
Tribe Bacterotdeac 

Genus: Bacteroidet Anaerobic 

1. B jragihs 

2. B melanogemcus 

3 B funduhjormis 

4 B Serpens 
Genus Fusobactcnum 

1 F. plautivineentt 

Family X. Enterobactertacear Gram-negativerods 
Tribe. Eschcnchcae. Ferment lactose and dextrose with formation of acid and g” 
Usually do not liquefy gelatin 

Genus; Escherichia Methyl-red positive. Vogcs-Proslcauer negative. Motile. 

1. E colt Normal inhabitant of intestine of vertebrates. Widely dis- 
tributed in nature. 

Genus: Aerobacter Methyl-red negative. Vogcs-Proskauer positive Motile or non- 
motile. 

1 A aerogenes Widely distributed in nature. 

2. A cloacae Liquefies gelatin slowly. 

Genus- Klebsiella. Encapsulated. Nonmotile. Found principally in respiratory tract 
of man. 

I. K pneumoniae (Fnedlindcr’s bacillus, B rnucosus capsnlatitt). 

Tribe: SalmoneUeae. Motile and nonmotile; ferment numerous carbohydrates. Vogcs- 
Proskauer negative. Gelatin usually not liquefied. 

Genus. Salmonella Ferments dextrose with acid and gas. 

1. S paratyphi ‘ ' 1 ' ” 1 • • ' - 

2 S. paratyphi . . .. . ■ 

3. S paratyphi 

4. S choleraesitts (B. sutpesttfer) 

5. S ententidss {B. ententidis) . 

6. S typhwuinum (5. aertrycke ) . 

7 S typhi (B. typhosus, typhoid bacillus, Eberthella typhosa, S typhous)- 

Motile. Acid without gas in many carbohydrates. Voges-Proskauer nega- 
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Genus; Shigella Nonmotile Acid without gas in many carbohydrates. Voges- 
Proshauer regain e 
No acid from mannitol 

I No indol 

1 S dysentenae (8 dysentenae, Shiga, Shiga’s bacillus). 

II Indol 

2 5 amhgua (Schmitz's bacillus) 

Acid from mannitol 

1 No acid from lactose 
A No acid from xylose 

3 S paradysentenae (8 dytentenae, FIcxner). 

B. Acid from xylose. 

4 S alkalescent 

II. Acid slowly formed from lactose 
A. Indot formed. 

5 S madampensts (S dispar) 

6 S ceyloncntts (S dttpar) 

B Indot not formed 

7 S sonnet ( B dysenteruc. Sonne) 

1 nbe Proteae Motile. Ferment dextrose, but not lactose, with acid and gas. 

Genus- Proteus 

A. Liquefies gelatin. Acid and gas from mannitol and sucrose. 

1. P vulgaris (see footnote) 

15 Docs not liquefy gelatin No acid and gas from mannitol or sucrose. 

2. P. morgant 

Tribe Serrateae. Smalt aerobic motile Gram-negatise rods, proteolytic, nitrate-reducing, 
and usually producing a characteristic red pigment 
Genus: Serratia. 

1. S marcescent (B prodtgiostts) 

I amity IX. Achromobactenaceae. 

Genus: Al\altgenes No acid produced from carbohydrates Vogcs-Proskauer 
negative. 

A Motile No gelatin liquefaction Found in intestinal tract 
- 1. A faecahs 

Family 11 P'cudomonadaccac 
Tribe: Spirilleae Cells more or less spirally cursed 

Genus: Vibrio Short, bent rods, occurring singly or united into spirals. Motile 

1. V. comma (T c holer ac. Spirillum cholerae atuticoe). Cause of cholera 
in man 

2 V meteknifyn i Pathogenic for fowls 
Tribe. Pseudomnnadeac 

Genus; Pseudomonas Produces a water-soluble, bluish or yellowish green pigment, 
f. P aeruginosa (8 pyocyaneus) 

1 jmily IV. Rhizobiaceie Utilize carbohydrates without acid production 

Genus: Chrvmobaetenum Produces a violet pigment soluble m alcohol. 

1. C not at rum (B r idaceus) Does not grow at 37* C. 

2, C tanthmum. Growsat37* C. 

nrmt t.*\si simthi mic*o6*g.\msms or vsctrrAtN cLAssmcATins: 

1. Streptabanllm moniliformis 

2. Pleuropneumonia group of organisms 

3 Donos an’s Bodies 

Mirr Proteus .Vs and Xi* used in Ucil-Wre reaction are strains of P t ufgant isofatcsf 
irom urine of patients tuflenng trom typhus icscr. 
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Gram-negative Bacilli Requiring Special Media 

Hemophilus Influenzae ( Bacillus tnflttenzae) ( Pfeiffer , 1892). This is the type 
species of the so-called hemophilic bacteria, most of which grow only on media 
containing special food factors present in red blood cells. 

Morphology. H. influenzae is a small bacillus (03 X 1.5/*), nonmotile, and Gram- 
negative. Type-specific strains are encapsulated. In cultures it frequently shows involution 
forms, coccobacillary or filamentous forms. The latter have been noted particularly in 
strains isolated from the meninges. These organisms stain rather faintly, sometimes 
more deeply at either end so that they resemble diplococci. They may be well demon- 
strated by staining for five minutes with a 1 : 10 dilution of carbolfuchsin, or with 
Loefller’s methylene blue. 

Culture. The influenza bacillus can be isolated on plates of rabbit’s blood agar 
(human blood is often inhibitory), or on Avery’s sodium oleatc hemoglobin agar which 
inhibits Gram-positive organisms and favors the growth of the influenza bacillus A good 
growth-promoting medium to which suitable dilutions of tyrothriem (Schoenbach, 1942) 
or penicillin (Fleming, 1929) are added facilitates isolation. Chocolate agar or broth, 
Lcvinthal's agar and broth (filtered chocolate medium), and Fildes’ peptic digest of 
blood in agar or broth are particularly favorable. On blood agar the colonics arc very 
minute, transparent and dewdrop-lihe, and arc barely visible without a lens during the 
first 24 hours. They are invisible by transmitted light On media more favorable than 
blood agar the colonies are much larger On transparent medium those of type-specific 
cultures are mucoid, moderately opaque, and iridescent in transmitted light. Colonics of 
non-typc-spccific cultures are translucent and have a bluish sheen. 

Two growth-promoting constituents must be present in the media to obtain a growth 
of the influenza bacillus. One factor, designated X, is an iron compound derived from 



(Left) Hemophilus influenzae Smear from culture of organism from meningitis; growth on 
chocolate Agar. 24 hours (Courtesy, Zinsser and Baync-Jones- “Textbook of Bacteriology, 
ed.. New York, D. Appleton-Century Co., Inc ) 

(Right) Hemophilus influenzae Forms from R type colony (Courtesy, Zinsser ana > 
Jones: “Textbook of Bacteriology," 8th cd., New York, D Appleton-Century Co., Inc ) 
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hematin This is thermostable and acts like a peroxidase. The other factor, V, is a 
codehydrogenasc, which is present in blood and also in certain vegetables, especially 
potato, and yeast It is thermolabde It is produced by certain bacteria, and it is for this 
reason that the influenza bacillus grows more luxuriantly in the neighborhood of colonies 
of other organisms (especially the staphylococcus, G Mragena. etc ) — the so-called 
“satellite phenomenon.” 

Many strains produce indol, and all strains reduce nitrates to nitrites. Smooth (S) and 
rough (R1 forms occur, and the transformation from S to R can be effected by cultivation. 
The R forms are less vjrulenr and show more pieomorpfjism 

Serologic Classification. Six types (a to /) of H influenzae have been described 
(Pittman, 1933, 1937) on the basis of precipitation of immune serum by capsular sub- 
stance. At least 90 per cent of the strains found in the spinal fluid of patients with 
meningitis due to H influenzae have been of type b Types a and j. as well as non-type- 
specific strains, and H paramfluenzae have been found in spinal fluid also. The non type- 
specific strains and the uncncapsulated (R) variants of the type-specific encapsulated 
strains are antigenically heterogeneous. 



Colonics of llemophilui influenzae, S and R tjpes, after 
Pittman. 


Typing of II influenzae may be done by precipitation or by capsule swelling (QueJJung 
reaction). Such tests may be done directly on spinal fluids or from cultures after growth 
is obtained, for precipitation the spinal fluid or fluid culture is centrifuged and the 
supernatant fluid is layered oxer the serum in a small tube. A "nng" of precipitate in- 
dicates a posime reaction. The Quellung test is performed in the same manner as for 
the pneumococcus or meningococcus. 

Virulence. Influenza bacilli have, with some exceptions, scry little virulence for 
animals, but w hen suspended in a solution of mucin and inoculated ifitrapcntoncally into 
mice, type-specific strains, and also non typc-spccific strains freshly isolated from patho- 
logic sources, cause progressis e fatal infections w ith bacteremia. 

OccuRRtvct. All types of influenza bacilli may be found in the healthy throat and nose. 
They may cause sinusitis, omit media, angina, bronchitis, and bronchopneumonia, cither 
alone or associated with some other organism. Non typc-spccific strains have been found 
in tuberculous lesions of the lungs and in hronchiectatic casities. Bacteria of this genus 
may cause a subacute bacterial endocarditis indistinguishable from that due to the S. 
nr? Jan A highly fatal type of meningitis in children ii caused by influenza bacilli, 
usually of type b. 

Rt LATtoNsim* to NrLL’tvzs. If. influenzae was originally isolated by Pfeiffer 
from the sputum and nasal passages of patients having influenza, and was believed 
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by him to be the etiologic agent of the disease. Recent work, however, has estab- 
lished the fact that a filtrable virus is the primary cause of the disease. Shope has 
shown that typical swine influenza can be produced in swine only when the 
influenza bacillus (H. sub) is inoculated together with the virus of influenza, and 
it is possible that a similar relationship may exist in man. On the other hand, 
the disease can be transmitted to ferrets by inoculation with the swine or human 
virus alone, and is not modified by the addition of either the human or porcine 
influenza bacillus. 


Treatment or Infections Duf to H Influenzae A specific antiserum for type b. 
prepared in rabbits and concentrated and refined, is atailable The use of this serum, 
usually in conjunction with sulfonamides (i e , sulfadiazine) has reduced the mortality 
in meningitis due to H influenzae, type b, from over 90 per cent to 25 to 50 per cent 
The value of antibiottcs in the treatment of hemophilus infections has not yet been 
thoroughly established, but reports of the use of streptomycin arc promising. 

Hemophilus Parainfluenzae. H parainfluenzae closely resembles H. influenzae. It is not 
type-specific and is less exacting in its growth requirements, as it requires only the V 
factor, and not the X. It is found in the healthy nose and throat as well as in infectious 


processes. 

Hemophilus Heraolyticus. Certain strains of this organism require both X and V factors 
for growth whereas others require only V. Some of these tend to be very pleomorphic 
and often show Jong filaments or threads. Like H paramfluenzae, this organism is 
found in the normal nose and throat and also in infectious processes. 

Hemophilus Conj'unctivitidis (Koch-Weeks Bacillus) {Koch, 1881). This organism 
produces a severe acute conjunctivitis which is highly contagious. It is particularly 
common in Egypt and the Philippines The conjunctivae of animals, other than man, 
resist infection with this bacillus. Flies are an important factor in its transmission m 
Egypt. The incubation period of the disease is short, 12 to 36 hours. 

Smears from the conjunctival secretion show large numbers of small Gram-negative 
bacilli, chiefly intracellular. They resemble H tnfluenzae morphologically and culturally, 
and are regarded by many as identical 

Aforaxella Lacunatus {Hemophilus lacuna t us) {Dtplobactllus of Morax). This organism 
is no longer placed in the genus Hemophilus It causes a mild chronic conjtmttwswi, 
chiefly at the inner angle of the eye, and may produce a keratitis. 

The bacilli are about 1 or 2/* X about 1^ in width, and tend to occur in pairs or short 
chains. They are nonmotile and Gram-negative. They grow only on media (preferably 
slightly alkaline) which arc enriched with blood or serum. On Loefiler's medium they 
form, within 24 hours, little pits of liquefaction which tend to become confluent later. 
This is regarded as fairly characteristic. Neither the X nor V factor is necessary for 


growth 

Dialister Pneumosintes {Bacterium pneumosmtes) . During the pandemic of influenza 
in 1918 Ohtsky and Gates obtained a minute. Gram-negative, anaerobic bacillus by inocu- 
lating rabbits intratracheally with material from the nose and throat of patients 
early cases of influenza. Specific agglutinins of low titer were noted in the blood of the 
infected animals. On account of its small size, especially in young cultures, this organism 
may pass through the coarser bacterial filters. It can be cultivated on media enriche 
with fresh animal tissue and on blood agar plates under strictly anaerobic conditions. 

This organism has also been isolated from the throats of healthy individuals (Branham, 
1927) and there is no evidence of any etiologic relauonship to influenza or other patho- 


logic condition 
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Chancroid 

Hemophilus Ducreyi ( Bacillus of chancroid') (Ducrcy, I8S9). This is often 
called the streptobacillus of Ducrcy because it occurs in chains in cultures, al- 
though chain-formation is not commonly observed in smears made directly from 
lesions. 

The organism is about 05X1 5;i, is Gram-negative, nonmotile, and forms no spores 
It stains irregularly, often more intensely at ihe poles and often has ihc appearance of 
being constricted in the middle It is found in the granulation tissue in the base of the 
ulcers and in the pus, often within leukocytes. Aspirating the gland juice with a hypo- 
dermic syringe from the buboes which are apt to follow chancroid offers the best means 
of obtaining pure cultures This should be done before the bubo suppurates. Since 
I)ucrey‘s bacillus is exceedingly delicate, the syringe should be warmed to body temper- 
ature and the transfer made to media at the same temperature and at once put in the 
incubator. Cultures kept at room temperature quickly die, but remain alive in the in- 
cubator for a week or more Cultures and smears can also be made from the lesion, 
preferably before it ulcerates Teague and Diebert got HO positive cultures in 274 cases 
by the following method Blood from a rabbit’s heart was deposited in small tubes in 1 ml. 
quantities. After the blood had clotted, the tube was healed at 55* C. for five minutes 
to destroy natural bactericidal substances The serum about (he dot was inoculated with 
Scrapings from the edge or floor of the ulcers or pus from a bubo and after 24-hour 
incubation smears were made and stained for small, Gram-negatise bacilli in chains. 
Small, glistening, gray, pin point colonies, which slide over the surface when touched 
With the platinum loop, may be grown by transfer to blood agar plates 

Intraciitaneons diagnostic tests have been employed, using killed culture suspensions. 
Sanderson and Greenblait (1937) report clinically correct results in 96 per cent of a senes 
of about 75 cases and 100 negative controls They introduced 1 ml. of sterile defibnnated 
human blood on to a tube of solidified beef infusion agar and inoculated this with 0 l ml. 
of a growing culture This was incubated 48 to 72 hours under reduced oxygen tension 
obtained by warming the tube to expel part of the air and sealing with paraffin The 
Mood was then removed and the sediment washed twice with sterile distilled water to 
remove hemoglobin The sediment was suspended in salt solution, killed by heating 30 
minutes at 60* C., and 1 • 10,000 mcrthiolatc added. To make the test, 0 1 ml. was 
injected imracutaneously and the result observed after 45 hours A positive reaction 
shows an indurated zone not less than 7 mm in diameter, surrounded by an erythema 
of 14 mm. diameter. Bacillary suspensions of tested potency arc now commercially 
available. 


Whooping Couch 

Hemophilus Pertussis ( Bacillus oj Bordet-Gengou). This bacillus was reported 
as the cause of whooping cough by Bordet and Gengou in 1906. It can be demon- 
strated by culture in the early stages of the disease from the secretions of the 
trachea, bronchi, and lungs. 

Morphology. The bacillus is small (03 X I Op) and ovoid, resembling the Influenza 
bacillus, Ij is Gram negative and nonmotile, occurring u'uallj singly and in pairs, oc- 
casionally in short chains Dissociated forms arc more pleomorphic and may show 
filaments Capsules can be demonstrated m Irc'My isolated strains 

Cu.-n.««s For primary cultures a special potato gl)ccnn btoix! agar, a modification of 
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the original Bordet-Gengou medium, is used. Cultures can be made from the sputum in 
the ordinary way, or by holding a plate of the medium in front of the mouth of the 
patient during a paroxysm of coughing. Bradford (19-10) recommends a nasopharyngeal 
swab, especially for young infants. The colonics develop rather slowly, at first resembling 
those of influenza bacilli, after 43 hours becoming slightly larger and more opaque. 
There is a narrow zone of hemolysis around the colonics. The bacillus does not ferment 
any of the carbohydrates. It remains viable, 
and grows at lower temperatures than the 
influenza bacillus. After cultivation on artificial 
media for a time, it can be made to grow 
on plain media, and, unlike the influenza bacil- 
lus, it does not require the V and X factors for 
growth 

Variation. Leslie and Gardner (1931) studied 
the antigenic properties of 32 strains, and 
divided them into four groups which they 
designated as phases I, 2, 3, and 4 The 
freshly isolated (smooth) strains were of 
phase 1. Vaccines made from the S forms 
(phase 1) are considered more effective in 
immunizing. All recently isolated (smooth) 
strains appear to be identical in antigenic struc- 
ture. 

Vaccines Vaccines made from the bacillus 
have been used extensively in prophylaxis and 
treatment Their prophylactic value seems well 
established. 

Laboratory Diagnosis. Laboratory diagnosis 
is of special importance in the early stages 
of infection before paroxysms have developed, or in atypical cases. Cultures are of greatest 
value. The high lymphocyte count associated with well-developed whooping cough 
may give valuable help in differentiating an atypical attack of pertussis from a persistent 
cough due to other causes Direct microscopic examination of sputum is practically with- 
out value Serologic tests — agglutination, complement-fixation, and opsonic reaction- 
on the patient’s serum have diagnostic value after the disease is well established and in 
studying immunity resulting from natural infection or from vaccination Intracutaneous 
tests for diagnosis have been used to some extent, but their value is not yet well estab- 
lished 

Both H parapertussis (Hidering and Kendrick, 1937) and Brucella bronchiseptica 
(Brown, 1926) have occasionally been found responsible for cases clinically typical rf 
whooping cough 



Hemophilus pertussis Organisms from 
48-hour culture on Bordet-Gengou 
medium. (Courtesy, Zinsser and Bajnc- 
Jones: "Textbook of Bacteriology," 8th 
ed , New York, D. Appleton-Ccntury Co , 
Inc ) 


Brucellosis 

Brucella MeJitensis ( caprine type) (Bruce, 1887); Brucella Abortus (bovine 
type) (Bang, 1897); Brucella Suis ( porcine type) ( Trattm , 1914). Brucellosis 
primarily affects goats, cows, and hogs, causing abortion in cows; secondarily, 
these infections gain entrance to man, in whom the symptoms may be similar 
whether the infection is of goat, cow, or hog origin. The acute disease in man has 
been called undulant fever on account of the successive waves of pyrexia vvbic 
may extend over several months. 
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Alice C. Evans, in 1918, discovered (he ciose serologic relationship of the organisms 
of Bruce and Bang, thus laying the foundation for world recognition of the relationship 
of the three infections Meyer and Shaw proposed the generic name Brucella in 1920 

Morphology. The three organisms cannot be differentiated morphologically, although 
freshly isolated mefilensts cultures seem most hke coccoid bacilli, averaging OS to 0 5ft, 
while suit is the longest, and abortus is of intermediate length All are Gram-negati\e, 
nonmotile, and tion-spore-forming 

Cultural Characteristics. The organisms grow on ordinary laboratory media, especially 
well on glucose infusion agar, liver agar, or serum tryptosc agar adjusted to a pH of 68 
to 7.4 and incubated at 37* C In primary cultures the colonies become sistble in three to 
sue days and arc small, dewdrop-bhe, later becoming opaque and raised. In broth there 
is a diffuse turbidity. None of the carbohydrates is fermented The organisms are killed 
by heating to 60* C. 

Differential Characters. Likeness of the three species has stimulated intensive 
efforts to discover differences which would serve to identify a species irrespective 
of the host from which it was isolated. Differences ha\c been sought in carbon 
dioxide requirements, serologic relationships, bacteriostatic action of dyes, hydro- 
gen sulfide production, and glucose utilization 

increased carsqn dioxide tension Hr abortus was originally isolated by Bang who 
inoculated material from the uterus of an aborting cow into deep tubes of scrum agar 
in which colonies developed only in a zone of partial oxygen tension 1 cm below the 
surface. Huddleson found that atmospheric air containing approximately 10 per cent 
carbon dioxide was suitable for original isolation of Br abortus. After freshly isolated 
cultures of Br abortus have been subcultured a few times, they grow freely thereafter 
m ordinary atmospheric air, and the carbon dioxide requirement cannot be restored to 
them by long residence in an artificially infected animal Furthermore a recently isolated 
Br. abortus culture cannot be made to lose us carbon dioxide requirement for isolation 
by long residence in a goar, which is the normal host of the air-grcming Hr. mehtenttt 
Since normal strains of Br abortus cannot be isolated originally in atmospheric air but 
only under increased carbon dioxide tension, the important differential character is 
established that a brucella organism which requires carbon dioxide for original isolation 
is Br. abortus. There are, however, strains of Br abortus in cattle and man in Rhodesia 
which grow freely in normal air from the start, but the question arises as to whether 
they may not be vaccinal strains derived from living vaccine used for protecting cattle 
against contagious abortion. Br metitenns and Hr sun do not require carbon dioxide for 
original isolation or for subsequent growth, although both species are susceptible of 
isolation in 10 per cent carbon dioxide and of subculnvation under increased carbon 
dioxide tension. 

stROLOGtc REiAnoNstiirs The three species are agglutinated by an antiserum prepared 
from anyone of the three, therefore the species cannot be differentiated by simple agglu- 
tination tests. Br aboitus cannot be differentiated from Br sms by agglutinin absorption 
tests, but Br. abortus of Br sms on the other land can, in most instances, be differentiated 
from Br. m eh trusts by agglutinin absorption However, there still rtrnam a few Hr abortus 
cultures which cannot be distinguished by agglutinin absorption from Br mrlitensts. 
Tularemia sera agglutinate the brucella oftener than brucellosis sera agglutinate /’ /«- 
hrensit, but m any cave a correct differ entut ion between genera can be made by agglu- 
tinin absorption 

RACmtoSTSTic action or Dvrs Huddleson and Abell have been able to separate the 
three tjpes bv the inhibitory effect on growth which certain djn exercise when incorpo- 
rated into a culture medium of beef liver agar, as show n bj the following fblc: 
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fluid. Neuritis, especially sciatica, is often noted. The early-morning sweats may 
suggest phthisis. These clinical features are not very distinctive, and the diagnosis 
depends upon laboratory investigations. Although positive reactions to laboratory 
tests are evidence of infection*, negative reactions cannot be taken as proof of 
noninfection, especially in chronic cases. Obviously the diagnosis is frequently 
missed. 

Laboratory Diagnosis. A positive culture is the one certain diagnostic finding. 
Very often cultures are not positive, especially in chronic cases. Blood cultures 
should be made at the onset of a febrile paroxysm. The organisms arc present in 
the blood early in the disease in a large proportion of the mclitcnsis cases, less 
often in the abortus cases. They may be present even after the fever has sub- 
sided. It is essential to incubate part of the culture in an atmosphere containing 
10 per cent carbon dioxide if Br. abortus is suspected. 

Methods for making these cultures arc described in the chapter on blood cultures. 
Growth usually appears in from 5 to 10 days, but the cultures should not be considered 
negative for at least four weeks, since the primary growth of these organisms may be 
slow. Porcine and caprine strains arc more easily isolated than bovine types and will grow 
both aerobically and under increased carbon dioxide tension. Hitchens has found that 
all gradations of oxygen tension may be obtained by adding 0.1 per cent agar to the fluid 
medium. Other means are used to secure the desired carbon dioxide tension. 

The organisms can be obtained more regularly by splenic puncture, but the procedure 
is rarely justifiable. 

Vrme* cultures are positive m some cases, especially when repeated examinations are 
made. These are usually made by spreading the sediment of the centrifuged urine sample 
over the surface of liver infusion agar plates containing I • 700,000 crystal violet 

The organisms have been cultivated from the stools Amoss and Poston (1935) obtained 

’ • • 1 ------ -* *he feces from 

• - • ■ hen separated 

so from focal 

foci in the joints, gall-bladder, and meninges. 

Gittnea-pig inoculation is also used to obtain the organisms. The guinea pig is not, how- 
ever, very susceptible to the bovine type. After about four weeks the pig is killed, and 
cultures are made from the spleen, blood, and lymph nodes. Agglutinins can be demon- 
strated in the serum Special precautions should be taken by those handling the guinea 
pigs to avoid acquiring an infection. 

Agglutination tests are relied upon for diagnosis later in the acute disease. After 
the fifth day agglutinins appear in the blood in a large majority of such cases. The 
test is performed with suspensions of caprine, bovine, and porcine strains as 
antigens. Serum dilutions are set up as usual in small tubes, using dilutions of 
1:25 to 1:250 or higher. The antigen and serum dilutions are brought to room 
temperature before mixing, and must be incubated at least 42 hours before read- 
ing. Incubation is usually at 37° C., but temperatures up to 55° C. are acceptable. 

A titer of 1 : 40 is considered suggestive and 1 : 100 diagnostic, although it is often 
much higher. Proagglutmoid zones are common, and a number of dilutions 
should be set up. A rising titer has added significance. The agglutinins may per- 
sist for years after recovery. Many chronic cases never show agglutination. Nega- 
tive reactions to agglutination tests do not mean that infection is not present. 
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The opsonocytophagic test (Huddleson, 1939) is of significance only in connection 
with other tests. A high indent does not necessarily mean immunity, as a very high index 
has been found in fatal cases (Harris, 1943). It does indicate the degree of opsonic ac- 
tivity toward the brucellas 

Francis and Evans have pointed out that cross agglutinations occur with P tidarensis, 
and serum from suspected cases of brucellosis should be tested for agglutinins with this 
organism also The titer of the scrum will usually be higher for the homologous species, 
or, if both organisms are agglutinated to nearly the same extent, they can be identified 
by agglutinin absorption tests 

For the mtradermal test, brucetlergin (Huddleson, 1939) is the antigen of choice. This 
is an ether extract of the bacteria. A heat killed Brucella abortus suspension may be used 
as antigen instead. Mixed strains may produce severe reactions The test is done by in- 
jecting 0 1 ml of brucellcrgm, or of the suspension containing 2000 million abortus or- 
ganisms per ml, jntradcrmally. The reactions arc rend at the end of two and four days. 
If negative, another reading should be made seven days later. A positive reaction indi- 
cates that the patient has at some time had a brucella infection A diagnosis of brucellosis 
should not be based on this test alone A negative reaction docs not rule out brucellosis 

Treatment of Brucellosis. There is no specific or certain treatment for brucel- 
losis. Vaccine therapy is advocated by some, but us value has not been definitely 
established. Drugs and antibiotics have not yet been proved of value. Prophylactic 
vaccination in man has not been practiced to an extent that permits conclusions 
to be drawn. 

Tularemia 

Pastcurclla Tularensis ( Bacterium tularense) ( McCoy and Chapin, 1911). 
This organism has been found in more than 20 forms of wild life, especially rab- 
bits and hares, and is transmitted to man by contact with the tissues of these ani- 
mals or by the biles of various infected arthropods. Cases of tularemia have been 
reported from all parts of the U. S. except Vermont, and from fapan, Canada, 
Mexico, Russia, Norway, Sweden, Turkey, and Central Europe. 

Morphology and Cultural Ciivracteristics P tularensis is a very small, nonmotile, 
Gram-negative bacillus, from 0 3(i to 0 7fi in length In fresh cultures, short bacillary forms 
occur; later coccoid forms predominate Occasionally polar granules may be seen In 
tissue smears the organisms apj'ear to be surrounded by capsular material They stain 
readily with ammonium oxalate crystal violet in smears from cultures and tissues of some 
animals, but GicmsVs stain is preferable for tissue sections. They may only rarely be 
demonstrated m tissues of man or guinea pegs. 

They do not grow on plain media They vs ere cultivated first by McCoy and Chapin on 
a medium of the coagulated yolk of hen’s egg Trancis found that the presence of cystine 
in the medium is necessary for their growth and has devised a gluco<c-cy stine blood- 


with the production of acid but no gas in dextrose, glycerin, runnose, maltose, dextrin, 
am! Jcvulote. 
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These organisms arc readily killed by heat (10 minutes at 56° C.)\ hence thoroughly 
cooked meat is not infectious. Francis has kept them alive and virulent in glycerinated 
gutnea-pig spleen tissue at —14* C. for 10 years. No toxins have been demonstrated. 

Infection in Animals Wild rabbits, ground squirrels, wild rats and mice, opossums, 
grouse, and other animals have been found naturally infected. Tularemia is presumably 
transmitted from one animal to another by the bites of various arthropods and probably 
also by direct contact. The disease takes the form of a rapidly fatal septicemia with 
glandular enlargement and focal necroses in the spleen, liver, lymph nodes, bone mar- 
row, and lungs. 



Pastettrella tttlarcnsu. Note change from coccus-form to rod- 
form in a single transfer on culture medium (Photomicro- 
graph, Major G R Callender, M C., U.S A , by courtesy of 
Surgeon E. Francis, U.S P H S.) 

Transmission. In man, tularemia is acquired most commonly by handling the 
tissues of infected wild rabbits or other animals. The bacteria gain entrance 
through an abrasion in the skin or through the conjunctiva. It is believed that 
they may also penetrate unbroken skin. Other cases are acquired by the bite of 
the horsefly (Chrysops ef is calls) or oi the wood ticks ( Dermacentor andersoni snd 
Dermacentor variabilts') which have become infective by feeding upon diseased 
rodents. Francis has found that in ticks the organisms may be harbored for long 
periods within the body cells and celomic fluid as well as in the lumen of the gut, 
Hereditary transmission has been demonstrated from infected adult ticks to their 
eggs, larvae, and nymphs. Many accidental infections of man have occurred in 
laboratories among those who have studied the disease- Ingestion of insufficient y 
cooked wild-rabbit meat causes a severe type of tularemia. 

Clinical Manifestations, Clinically, tularemia is characterized by an irregular fever 
lasting two or three weeks or longer, with (usually) an initial local ulceration or a c 
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junctivitis, and with swelling and, occasionally, suppuration of neighboring lymph nodes 
The mortality is not high — under 5 per cent in recognized cases — but the constitutional 
disturbances may be marked and prolonged Some patients are ambulant throughout 
Four general types of the disease have been described, although in the opinion of some 
workers the division of clinical tularemia into these types is not justified. 

1. Ulceroglandular In this tvpe there is an 
ulcerating papular lesion at the site of inoculation 
with enlargement and sometimes suppuration of 
the regional lymph nodes. This is the commonest 
form of the disease. 

2. Oculoglandular The initial infection is a 
conjunctivitis, and the neighboring nodes are 
enlarged 

3. Glandular. There is no primary lesion, but 
the group of nodes is affected which drains the 
site of infection. 

4. Typhoid Pyrexia occurs, but there is no 
local lesion or glandular enlargement. This type 
has been particularly common 3mong laboratory 
workers 

pulmonary manifestatioss Bronchitis, pneu- u]cer of finRcr 19 dayj a{ , cr on$cl m 
moma, a clinical picture of chronic tuberculosis, a mafket man who dre . sscd rabblt , 
and pleural effusions have developed in a good (Rrown and Hunter) 
many cases Pulmonary or meningeal manifesta- 
tions of tularemia may develop during the course of any of the above types, but are most 
frequently noted in the typhoidal cases Pleural fluid from such cases agglutinates P 
tularensis and by proper methods cultures of the organism may be isolated. In fatal cases 
the organism may be recovered from the consolidated lung at autopsy. In certain cases 
with pneumonic involvement the organism has been recovered from sputum during life, 
but this may also be accomplished with sputum from cases in which no signs of pul- 
monary involvement are manifest 

Immunity. An attack of the disease confers a lasting immunity. However, one 
laboratory investigator who recovered from the disease 17 years ago has since had 
four transient local reinfections on a finger at different times without systemic 
disturbance.* 

Laboratory Diacnosis. P tularennr has been isolated from the blood early in 
the disease in a few instances, and from the local lesions and Ijmph nodes, but 
direct cultivation is difficult and impracticable for diagnosis. The most satisfactory 
method is animal inoculation. Material from the primary lesion, regional lymph 
nodes, sputum, pleural fluid, or blood is injected subcutaneously or intrapento- 
ncally into guinea pigs, rabbits, or mice, which usually succumb within a week. At 
autopsy the animal shows hemorrhagic edema at the sue of inoculation, caseation 
of the l)inph nodes, and small necrotic foci in the spleen and liver. P. tularensis 
ma) be cultivated from the lesions and from the heart’s blood. Glucose-cystinc- 
blood-agar is inoculated with the blood or with small pieces of liver and spleen. 
Growth appears about the third day. Subcultures grow luxuriantly on tins medium. 

Infection can be produced in gutnea pigs by cutaneous inoculation as in the 
case of the plague bacillus. 

'i'fiinnil tfwnnuimfatinn. 
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Agglutination tests are relied upon chiefly for diagnosis. Positive reactions ap- 
pear during the second week of illness. A titer of 1 : 80 or over is considered diag- 
nostic, particularly if the titer rises as the disease progresses. Titers as high as 
1 : 82,000 have occurred, and a positive agglutination may persist for months or 
even years after recovery. 



Guinea pig spleens, showing acute (left) and subacute 
{.right) lesions of tularemia. (Francis.) (Army Medical 
Museum No. 40325 ) 


In the National Institute of Health the antigen is prepared by washing off a 48-hour 
growth on glucose-cystine-blood-agar with a small amount of saline containing 03 to 

O. 5 per cent formalin. The suspension is then thrown down in the centrifuge, and the 
bacterial sediment is taken up in saline containing 03 per cent formalin. This concen- 
trated stock suspension is diluted at the time of use with saline. The agglutination is 
read after two hours incubation at 37* C., followed by overnight icebox storage. Non- 
virulent cultures are suitable for preparing antigen. Such a culture may be obtained from 
the National Institute of Health, Washington, D C. 

Francis and Evans have pointed out that there is an antigenic relationship between 

P. tttlarcnsts, and Brucella abortus and meUtensis, and that some tularemia sera contain 
group agglutinins for the latter organisms Such tularemia sera agglutinate P tularensis 
more quickly and to a higher titer than they agglutinate the brucella If tularensis and 
brucella organisms arc agglutinated to the same titer by a serum, the practical lesson is 
that a serum suspected of either tularemia or undulant fever should be tested against 
tularensis and against one of the brucella 

A skin test employing detoxified organisms may also be used in diagnosis A uniformly 
positive reaction is obtained before the end of the first week of illness. 

Treatment or Tularemia. Treatment has been largely symptomatic. Neither penicillin 
nor the sulfonamides appear to modify the course of the illness, but Foshay (1940) has 
developed a serum which appears to be beneficial, especially if administered early. 
Streptomycin is now used specifically for the treatment of tularemia (Hunt, 1947). 

Gram-negative Bacilli Growing on Ordinary Media 

Plague 

Pasteurella Pestis (B. pestis) (Kitasato, Yerstn, 1S94). This organism is a 
member of the group of bacteria which cause the hemorrhagic septicemias (pas* 
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tcurclloses) of various animals. Plague is primarily an epizootic disease of rats, but 
in some localities ground squirrels and other rodents have been shown to he the 
source of human infections. This was the terrifying “black death” of the fourteenth 
century which is believed to have killed 25 million people. 

Morphology In smears from the tissues, P pestu is seen as a small coccobacillus 
(05X1 5fi) with rounded ends, occurring singly or in short chains of two or three. It 
ts nonmotde and non-spore-beantig It is Gram-negative and stains easily with any of 
the ordinary stains, and especially with Wayson’s stain When it is lightly stained, there 
is a characteristic bipolar staining which can be demonstrated better by fixing films with 
absolute alcohol* than by heat It is only in smears made directly from the tissues that 
this constant morphologic characteristic can be found. In old cultures, and particularly 



Smear from a plague bubo, ihowmg bipolar staining of P, pe/tu. 
(from Lirti Trh, Chun. Poiliizer. and Wo ' Plague ’") 


m cultures on agar to winch from I to S per cent of sodium chloride hat been added, 
remarkable involution or degeneration forms which stain feebly are seen swollen coccoid, 
root duped, or sausage-shaped forms, ranging from 3 to l2/» in length, and resembling 
molds or j easts rather than bacteria This peculiarity in morphology on salt agar is 
charactemnc and of some value in identification, fn tissue and in cultures grown at 37* 
C a gelatinous capsule can be demonstrated According to Schulze (1932) this envelope 
docs not develop in cultures grown at 20* C, and only meagcrly at intermediate 
temperatures 

('icrtsLU Cmurruunn. /’ pestu grows readily on the ordinary plain media. It Is 
aerobic, and. unlike most pathogenic bacteria, grows best at a temperature of alxmt 
VI* C‘ On agar plates the colonies are minute and transparent the first day, but by the 
end of the second dav they l*ecome larger, opaque, grajish, and coherent In older 
minors i! ere vs so much difference tn the tire and appearance of the colonies that the 
culture appear* to be contaminated Marked acidity is produced in glucose but not m 
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cultures which had been rendered avirulent. Ottcn and Girard and Robic have also 
used avirulent cultures in several million people with good results. 

Schiitze (1932) identified two antigenic constituents in plague bacilli: a 
somatic antigen and one occurring in the gelatinous capsule which is only present 
in cultures grown at 37° C. The former antigen is hca testable and the latter heat- 
labile at 100° C. Schiitze found that vaccines containing both antigens were much 
more effective in immunizing animals than those having only the somatic antigen. 

Treatment of Plague. Therapeutic sera prepared by the injection of horses or 
cattle with living organisms have been used by Ycrsin and others. Variable suc- 
cess has been reported. 

The sulfonamides have proved of definite value in the treatment of plague both 
experimentally and in the disease in man. Sulfadiazine has been found better than 
sulfathiazole. Penicillin has not been found effective in experimental infection, but 
streptomycin has given very promising results (Hornibrook, 19-45; VVayson, 19-46). 

PASTEURELLOSES IN ANIMALS 

Other hemorrhagic septicemias in various animals are due to organisms differing only 
slightly m cultural characteristics. They may be differentiated by their specific infectious- 
ness and by serologic tests. Of these Pastcurella pseudotuberculosis (Corynebactcrium 
pseudotuberculosis, Bergey) is closely related to P. pestis antigem'cally (the somatic 
antigen is common to both species, according to Schiitze), but it has been shown by 
Arkwright to be motile under certain conditions. It is the cause of a fatal septicemia in 
guinea pigs, and occasionally causes confusion in animal experimentation. It is not 
pathogenic for white rats P. avtctda (P. aviseptica ) of chicken cholera, P. smlla (P, situ 
seplica) of swine plague, and P. cttnicithctda (P. lepiteptica) of rabbit septicemia and 
"snuffles" belong to this group. The name P. multoada is suggested to include the 
varieties avtctda, munetda. smlla, and cvmcultcida P tularensts produces somewhat 
similar lesions in guinea pigs, but rats are much less susceptible to this species than to the 
plague bacillus. They may be differentiated by serologic tests. 

Glanders 

Malleomyces Mallei (Actino bacillus mallei. Bacillus mallei) ( Glanders Bacillus) 
(L/>c filer and Sc huts, 1882). This is the cause of a rather common disease of horses. 
When affecting the superficial lymph nodes it is termed “farcy”; when producing 
ulceration of the nasal mucous membrane it is called “glanders." The initial affec- 
tion is usually followed by involvement of various organs, especially the 'ungs. 
Sometimes both lymph-node and mucous-membrane involvement occur in the 
same animal. Outbreaks have occurred in zoological parks among members of the 
cat family which were fed on horse meat. Cases have been reported in goats, 
sheep, and dogs, but cattle and swine are immune. 

In man there are two types of glanders: chronic and acute. In the chronic form 
an abrasion becomes infected from contact with glanders material, and an intrac- 
table, foul, discharging ulceration results. Many nodules develop which form ab- 
scesses in the subcutaneous tissue, often ulcerating to the surface. There may be 
an involvement of the nasal mucosa as well as of the skin. This may persist for 
months with lymphatic involvement or may become acute. The acute form may also 
develop from the start, and the cases are usually regarded as pyemia. There is great 
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prostration with marked pains in the extremities. Pustular lesions, resembling those 
of smallpox, may be present. Acute glanders is almost invariably fatal. 

Morphology The bacillus is a narrow, sometimes slightly curved rod, varying greatly 
In size but averaging about 0.3 X 30/*. It is nonmotile and Gram-negative. It often presents 
a beaded appearance, tends to stain irregularly, and may show clubbed ends It stains 
readily, but is easily decolorized In secUons the bacilli are apt to be decolorized by the 
passage of the section through the alcohols. 

Cultural Characteristics The optimum temperature for growth is 37* C. and growth 
is slow In primary cultures from pus or tissues the colonies may not appear for 43 hours 
The growth is somewhat mucoid, later it becomes yellowish and more opaque. Glycerin 
agar and glycerinated potato are good media for isolation. Broth cultures show a slimy 
sediment and a surface pellicle Milk is slowly acidified and coagulated. The charac- 
teristic growth is on potato At first this is light brownish or yellowish, honey-like or 
mucilaginous By the end of a week it has a cuprous oxide-like reddish tint with greenish 
borders, and the potato assumes a dirty brown color. Only Pseudomonas aeruginosa ( D . 
pyocyaneus ) and the cholera vibrio give a similar discoloration of potato, and these are 
easily differentiated 

Laboratory Diagnosis. Laboratory diagnosis is made by isolating and identify- 
ing the glanders bacillus culturally or by guinea-pig inoculation from the lesions. 
Smears for microscopic examination should be made of the pus from lesions, and 
stained with methylene blue. Blood cultures arc usually negative. Cultures of 
glanders bacilli are among the most dangerous of all laboratory cultures, and 
should be handled with extreme care. 

Animal Inoculation. If the material is injected intrapcritoneally into a male 
guinea pig, marked swelling and often ulceration of the testicles occur within a 
few days (2 to 10) (the Straus reaction). Cultures should be made from the 
swollen testicle. The glanders bacillus can often be isolated from contaminated 
material in this way. Subcutaneous injection results in an involvement of the 
lymphatic system and the development of nodules— a picture suggestive of “farcy” 
in horses. 

Strains of M. mallei from chronic cases are sometimes nonvirulcnt for guinea 
pigs, and diagnosis is dependent upon isolation in culture. 

Mallein is a preparation analogous to tuberculin, and is u'ed for the diagnosis of glanders 
in animals in a manner similar to that of tuberculin in the diagnosis of tuberculosis in 
man It is rarely used in human cases The reaction consists of a rise in temperature and 
local edema Conjunctival instillation of mallcin is also used. 

Agglutination and complement fixation tests are also employed for diagnosis. 
Mallcomjccs Pscudomallci (Bacterium w/utmon). Tins organism is the cause of a 
rare, glanders like disease, described by Col Whitmore of the British Army, found at 
autopsies of beggars in Rangoon Stanton and Hctchcr suggested the name “melioidosis,” 
in order to describe its close relationship to glanders. Af pseudomaJl a closely resembles 
M mallei, being a small Gram negative bacillus about the same sue and shape, and 
occurring in very large numbers in the acute lesions of the disease. 

In culture it closely resembles the glanders organism, but it is motile, ferments some 
carbohydrates, and liquefies gelatin. It grows luxuriantly and forms a dense, wnnUed 
culture on gljcerin agar. In guinea pigs the infccUnn is more rapidly fatal than is glanders, 
producing in the male guinea pig an acute orchitis — the ssvcalled Straus reaction. The 
organism is excretes! in the urine and fcccs of infected lalx>ratory animals. Several cases 
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of natural infection have been found in rats, and one case in a domestic eat has been 
observed by Stanton. 

M. mallet and A/. pseudomallei are closely related serologically. 

Act IN OBACtLLUS 

For a time the glanders bacillus was classified as a member of this genus. Its few 
species are found in actmobacillosis of cattle, goats, and sheep. The most important 
species is A. hgmercsi, a small Gram-negative, nonmotile rod which sometimes occurs in 
chains in liquid media. Its growth is favored by the presence of carbon dioxide, but it 
is not an anaerobe. It grows well on the usual enriched media. A characteristic granule 
formation occurs in cultures as well as in the thick pus of abscesses. The lesions in animals 
resemble those of actinomycosis to some extent, but are confined to the soft tissues, and 
do not affect the bony structures The organism produces acid, but usually no gas, in 
dextrose and lactose. Milk is acidified but not coagulated. No indol is produced, and 
there is no nitrate reduction. The organism is chiefly of veterinary importance, although 
it has been reported in human infections. 

Klebsiella 

Klebsiella Pneumoniae ( B . pneumoniae, B. mucosus capsulatus ) (Fried- 
lander, 1882). This organism is responsible for about 5 per cent of the cases of 
pneumonia, both lobar and lobular. Pneumonia due to this organism is severe, and 
often fatal. K. pneumoniae is also often associated with suppurative processes in 
the sinuses and middle ear. In children it may cause tonsillitis. It has been isolated 
from the blood, and irom the spinal fluid in cases of meningitis. Recent reports 
indicate that treatment of these infections with streptomycin is often successful. 

Morphology The Friedlander bacillus is a short, thick rod, varying in size, but 
averaging I 0 X 2.5 ft, nonmotile and Gram-negame. It has a large capsule which can be 
demonstrated m smears from pathologic material, such as sputum or animal exudates 
The bacilli often occur in diplo-form, or in short chains or groups, surrounded by a 
continuous capsule. 

Cultural Characteristics The colonies on agar are large, semitransparent, whitish, 
and very viscid, later tending to become confluent. On potato the bacillus shows a thick, 
sticky growth containing gas bubbles. The distinctive cultural characteristic is the “nail 
appearance in a gelatin stab The growth at the surface is heaped up like a round-headed 
nail, the line of puncture resembling the shaft of the nail. The gelatin is not liquefied 
Many of the carbohydrates are fermented with the production of acid and gas. No indol 
is formed This latter characteristic helps to differentiate the organism from some of 
the colon bacilli with which it may be confused If there is doubt, a mouse is inoculated 
intraperitoneally. Death from septicemia occurs within two days, often within a few 
hours, and the encapsulated bacilli can be found in the sticky peritoneal exudate, and in 
the blood and organs. 

The Friedlander bacillus resembles closely Aerobacter aerogenes 

Serologic Tipfs. Three distinct serologic types. A, B, C, have been differentiated y 
Juhanelle among strains from various sources He designated other apparently unrelatei 
strains, not falling into these types, as group X Most of the type A strains are of human 
origin; type B includes strains largely from lower animals. Type-specificity is depen ent 
upon the carbohydrate haptene in the capsule. The carbohydrate of the Type B ' rie 
lander bacillus resembles chemically and serologically that of the type 2 pneumococcus, 
and a Friedlander antiserum protects mice against this pneumococcus and vice versa The 
specific soluble substance has been demonstrated in the urine of patients with a Fried- 
lander pneumonia by precipitin tests with immune sera 
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Juliandle dissociated smooth, encapsulated, virulent organisms into rough, nonencapsu- 
lated, nonvirulcnt forms The latter contain only the group antigen in the cell body, and 
immune sera prepared with them will agglutinate all organisms of this species. 

Enteric Group of Bacteria 

This group includes a large number of morphologically similar, Gram-negative, 
non-spore-forming, usually nonproteolytic bacteria which arc found in the intesti- 
nal tract of man and animals, some being normal saprophytes and others patho- 
genic The term “enteric” can be misleading, since there are many other bacteria 
found in the intestinal tract that are otherwise designated. The enteric group in- 
cludes the typhoid and dysentery bacilli, the salmonellas, and the coliform organ- 
isms. Since they are morphologically indistinguishable, great reliance is 'placed 
upon cultural and serologic means of identification. 

Methods of isolation and study of the typhoid, dysentery, and salmonella or- 
ganisms have much in common, and can be discussed in a general wav for all of 
these bacteria before discussing each genus separately. 

Materials for Examination. Teces are usually collected by means of rectal swabs A 
cotton tipped applicator may be used alone for infants; for adults it is best to slip the 
swab into a small rubber tube with an end cut on a bevel This tube is lubricated and 
slipped into the rectum past the sphincters If it is necessary to ship the material, a small 
amount of feces may be placed in a 1-ounce screw-cap glass bottle one-half full of 30 
per cent glycerin in normal saline which has been buffered with disodium phosphate to 
the desired pH, usually about 7 5. Bromcresol purple may be added to indicate changes 
in pH. 

Urine specimens arc preferably collected with a catheter If a voided sample is sub- 
mitted, an equal volume of 30 per cent glycerin should be added. Urine examinations 
are made chiefly when typhoid fever is suspected 

Whole blood is taken from a vein into a sterile tube and allowed to clot The clot is 
used for cultures, and ihe scrum may be used for serologic tests. 

Less often duodenal contents and gall-bladders removed surgically arc examined for the 
typhoid bacilllis. For shipping, the former should be placed in a small, tightly stoppered 
or sealed glass container, and gall bladders should be placed in a container with 30 per 
cent buffered glycerin solution 

Occasionally samples of food from outbreaks of food poisoning are examined for 
salmonella organisms or staphylococci 

Sewage is also examined more frequently than formerly 

All of these materials are examined for the typhoid bacillus and for some of the 
salmonellas Usually the dysentery bacilli are found only in feces, as they have less 
tendency to cause generahred infections 

BacterioJogic Examination. With some materials a preliminary incubation in a selective 
"enrichment medium ” is indicated Selenite F medium (p 353) is the commonest of these 
and tetrathionate solution (p. 352) is also good. Incubation in these for 12 to 24 hours in 
creases the case of isolation of the typhoid bacillus and of the salmonellas, but is less 
successful with the shigellas 

The choice of medium for “plating out” depends upon the material to be studied 
and upon the purpose tn be accomplished I or typhoid, bismuth sulfite agar (Wilson 
and Blair) (p 355) is a highly selective medium which markedly inhibits most of the 
coliform bacteria. Undiluted fcccs, raw sewage, and rectal swabs can be streaked directly 
upon plate* containing this agar. The typhoid colonics are flat and black, usually sur- 
rounded by a dark halo which gives a metallic cast to the medium in refected light. 
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Many salmonellas grow well upon this medium, forming larger and more convex 
colonies than docs the typhoid bacillus. However, salmonellas do not always do well 
upon this medium. 

For salmonellas and the shigellas a bile salts citrate agar, commonly called the “S5" 
agar (Salmonella-Shigella) (p. 354) is good. Here, loo, the selective nature of the medium 
permits direct inoculation with undiluted material. The rectal swabs usually taken for 
the shigellas can be “painted” all over the surface (Hardy, 1944) of the plate Colonies 
of typhoid, shigella, and salmonella bacteria arc translucent, colorless, or a delicate pink. 
Colonies of the coliform organisms are deep pink to red and are opaque. 

The highly inhibitory properties of bismuth-sulfite and “SS” agar often make it desirable 
to use a second less selective plating medium such as MacConkey’s bile salt agar (p. 354). 
On this medium the coliform organisms are brick red and the typhoid, shigellas, and 
salmonellas are colorless. 

Sometimes it is desirable not to inhibit the coliform organisms. A medium that is 
differential without being inhibitory is the Fndo agar used for many years (p 353). The 
coliform bacteria show red colonics with a metallic sheen; non-Iactosc-fcrmenting colonies 
arc colorless. 

After 16 to 24 hours of incubation the plates arc examined under a dissecting micro- 
scope or with a hand lens. Carefully chosen colonies are fished to slants of Russell's 
double-sugar or Kligler’s iron agar (p. 356). Growth from the colonies is streaked on 
the slant and "stabbed” into the butt of the medium. After incubation the typhoid and 
shigella organisms will show an acid butt and unchanged slant; the salmonellas show 
both acid and gas in the butt; members of the coliform group show acid and gas through- 
out. The advantage in using Khgler’s iron medium is that hydrogen sulfide production 
is indicated also by a blackening of the medium. In studying coliform or protcus strains, 
similar slants of “TSI” (triple-sugar-iron) containing saccharose also (p. 357) are useful 

Further identification may now be carried out by studying fermentation reactions in 
sugar broths and by testing for indol production (p. 352), acetyl-methyl carbinol produc- 
tion (Voges-Proskauer, p. 350), urea splitting (p. 351), gelatin liquefaction (p. 349), re- 
action m bromcresol-purple milk (p. 347), and by agglutination with appropriate sera 
Not all of these tests will be indicated for all cultures studied An excellent medium for 
studying fermentation is a meat extract broth with indicator, to which the desired carbo- 
hydrate is added ascptically in sterile aqueous solution after the medium has been 
sterilized (p 342). A simple scmisolid medium plus carbohydrate and indicator is pre- 
ferred by some (Enlows, 1923) (p 343). 

The most important biochemic characteristics of the enteric organisms are summarized 
in a tabic on the inside of the back cover of this boob. 

The Typhoid Bacillus 

TYPHOID FEVER 

Salmonella Typhi ( Eberthella typhosa, S. typhosa, Bergey’s Manual) (Ebcrth, 
1880, Gafff^y, 1884). This organism is the cause of typhoid fever. 

Morpholocy and Cultural Characteristics The typhoid bacillus is usually about 
06X30(1. rt is more slender and more actively motile than members of the colon group. 

It grows readily on plain media, but its growth is more delicate and transparent than 
that of the colon bacillus. Its growth on potato is delicate, translucent, and 
and it does not discolor the potato as does Escherichia Broth is diffusely clouded. 
is at first slightly acidified, later becoming alkaline; it is not coagulated. The bacillus 
ferments dextrose, forming acid but not gas, and does not ferment lactose or saccharose. 
Acid is produced from a number of other sugars also. For its action on the more im- 
portant of these carbohydrates the table on inside of the back cover of this boo may 
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consulted. It docs not produce indol. Both Eberlhelfa and Shigella strains produce a 
similar reaction on Russell’s double-sugar agar (p 356) (acid without gas in the butt). 
Important aids in differentiation are the motility of the typhoid bacillus, its fermentation 
of soibitol, and its production of hydrogen sulfide. On Kligler’s iron agar (p. 356) this last 
property is also shown 

Variation of the organisms of this group is of the greatest practical importance. 
Variation in the physical characteristics of the colonics (smooth and rough) occurs, 
and motile and nonmotilc varieties of cither S or R forms are encountered. 
Arkwright describes the following chief variants of the typhoid bacillus; (1) 
smooth, motile; (2) smooth, nonmotilc; (3) rough, motile; and (4) rough, non* 
motile. These types differ antigcnically. 



Bacillus of typhoid fever, stained by Lorfflcr’i method 
io show Cjgrlia. (X 1000 ) ( Williams ) 


There arc three different types of antigen of practical importance in the typhoid 
bacillus. 

1. The flagellar or H antigen derived from the flagella, which produces the large- 
flake agglutination with its antiserum. This antigen is heat-labile at 60° to 100° C., 
and is destroyed by 50 per cent alcohol. An alcoholized or heated suspension of 
the organisms, therefore, contains oniy the following O antigen. The H antigen 
and antibody have little relation to protection. 

2. The somatic or O antigen, contained in the body of the organism, which 
producct a smalt-flake or granular agglutination. This antigen is heat-stable, re- 
sists boding, anil is destroyed by formalin. A formolized suspension, therefore, 
contains only the I ! antigen. 

3. The “Vs” antigen (I'tUx atwl Put, 1934) is found only in % indent swains. It 
is probably somatic, and it masks the O antigen so that the strains containing it 
arc inagglutmable by O sera. Tins Vi factor, associated so closely with virulence, 
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is easily lost. This explains why so many freshly isolated strains of the typhoid 
bacillus have been found inagglutinable at first, but later were agglutinated well. 
The Vi antigen is present only in living, unheated cultures. It will withstand 56° 
C. for a short time, and is weakened by formalinization. 


In the study of the antigenic relationships of this group of organisms it is necessary 
to Investigate these antigens separately, in addition to making the ordinary agglutinin 
absorption tests, since some have a common somatic antigen with different flagellar 
antigens, and others a similar flagellar antigen, but different somatic antigen. For instance, 
the O antigen of the typhoid bacillus is similar to that of S. enteritiiis, while their H 
antigens are quite different. Likewise the H antigen of S. typhi appears to be the same 
as the H antigen of the Stanley type of Salmonella in its specific phase. The problem is 
relatively simple in the case of the typhoid bacillus, since the H antigen is monophasic 
and specific — that is, not variable in its serologic reactions, as is that of some of the 
paratyphoid bacilli The typhoid bacillus is placed in the genus Salmonella because of 
these antigenic relationships. 

Pathogenicity. Typhoid fever cannot be produced in animals except perhaps in the 
chimpanzee It is possible, however, by intravenous injection of the bacilli to produce in 
rabbits a local infection of the gall-bladder which may persist for weeks — a chronic 
carrier state. Large doses of living or dead bacilli may kill an animal through the action 
of the endotoxin. Mice can be infected by intraperitoneal injections of organisms sus- 
pended in mucin (See Prophylactic Vaccination, p. 128.) 

Infection The organisms enter the body through the alimentary tract. During the 
period of incubation, which is usually 7 to 14 days, they multiply in the lymphoid tissue 
of the intestine, particularly in the Peyer’s patches, and later invade the lymphatics. The 
adjacent lymph nodes, and in particular the spleen, become involved. After a time, which 
is approximately the period of incubation, the bacilli become so abundant that they are 
carried over into the general circulation, and a transient bacteremia results. When this 
happens bacteriolysis of the organisms occurs, with liberation of the endotoxins and the 
development of symptoms This invasion of the blood stream occurs early in the disease 
in practically all cases. The bacilli usually reappear in the blood at the onset of a relapse. 

As a result of the formation of antibodies the typhoid bacilli gradually disappear from 
the blood, and become localized in other areas They are present in the gall-bladder, 
probably in all cases They may produce no symptoms, or a cholecystitis may result Bile 
is a favorable culture medium, and they may persist here for years. They have been 
cultivated from the center of gall-stones many years after the original attack of typhoid 
fever 

After the first week the bacilli increase in number in the stools, and are more easily 
found in cultures. This increase in number is due not to multiplication within the 
lumen of the intestine, but to discharge into the intestine of infected bile, and probably 
to ulceration of the Peyer’s patches. Frequently they may persist for years in die stools, 
and the person becomes a chronic carrier. _ 

During this period of the disease the bacilli are often (25 to 30 per cent) f o »nd in t e 
urine. Transient periods of bacilluria are frequent. The bacilli may cause no lesions, or 
suppurative conditions in the kidney, pyelitis, or cystitis may follow. In either case tie 
organisms may remain in the urine for years. , 

In patients with an associated bronchitis or bronchopneumonia the bacilli may be foun 
in the sputum. , 

Localized lesions elsewhere due to the typhoid bacillus alone or in combinition w 
some other organism may occur late in the disease — periostitis, osteomyelitis, or ee 
abscesses. The bacilli have been found in the cerebrospinal fluid m typhoid patients wi 
meningitis. They have been demonstrated in the lymph spaces of the rose spots. 
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After the first nr second week demonstrable antibodies develop in the blood— 
bacteriolysms, opsonins, precipitin*, and agglutinins The demonstration of agglutinins in 
the blood is the most important diagnostic procedure after the bacteremia has subsided 
Agglutinins may not appear until com alescence, however, and fail to develop in about 
5 per cent of the cases. 

Carriers Although most typhoid fever patients become bacteria free after about 
three months, a certain number (2 to 5 per cent) develop into chronic earners and may 
remain so for many years Most of these carriers harbor the organisms in the gall bladder, 
some in the intestinal tract only, and some in the urinary passages The bacilli have been 
found in the feces of contacts who did not contract the disease Dissemination of the 
bacilli by these earners is the great factor in perpetuating the disease. Large epidemics 
have been caused by pollution of the water supply Contamination of food, especially 
milk, by carriers or by flics has resulted in outbreaks The chlorination of water supplies 
and better methods of sewage disposal have greatly lessened the incidence of typhoid 
The detection of earners, especially among individuals who handle food, is of great im- 
portance. The treatment of carriers seems to be of little use In cas.es in which the gall 
bladder is shown to be the source of the infection, cholecystectomy offers the best chance 
of relief from the carrier state 

Laboratory Diacnosis: blood cultures. During the first week of the disease 
typhoid bactlli can be isolated from the blood in about 90 per cent of the cases. 
Positive cultures are obtained in from 70 to 60 per cent in the second and third 
weeks, and after that time the percentage falls further. For methods of culturing 
the blood the chapter on blood cultures should be consulted. The organism should 
be identified culturally, and by agglutination with appropriate antisera. For study 
of fresh virulent strains a scrum prepared with a pure Vi strain should be in- 
cluded. It is desirable to absorb such a scrum with a strain of 5. typkt known 
to possess little or no Vi antigen. An antiserum containing the usual H and O 
agglutinins should also be used and it is well to remember that the somatic O 
antigen of S. typht is apparently identical with the O of S. enteritidit . 

stool cultures. Stool cultures are occasionally positive early in the disease, but 
after the first week the typhoid bacillus may be isolated in most of the cases. The 
material is streaked over bismuth sulfite or MacConkcy’s agar plates. When it is 
practicable to pass a duodenal tube, the typhoid bacillus can he isolated more 
readily by making cultures (torn the hdc in the same way. Identification by sero- 
logic as well as cultural methods is necessary. 

URtst cultures. Cultures of urine arc positive in about 25 per cent of the cases 
after the second week. The urine should be centrifuged, and the sediment cul 
tured, or broth flasks heavily inoculated. Plates of special media should be used 
unless the urine is obtained with aseptic precautions. 

No patient should be released from isolation until cultures from the urine and 
feces after catharsis, and ptcferablv from the bile also, are negative. These methods 
ate also used to detect carriers. 

vtosLTrsT. After the second or third week the Widal test is the chief diagnostic 
aid. Hus should be repeated at intervals in order to detect any inctcase in the 
tiler of the agglutinins. The technic of the microscopic and macroscopic agglu- 
tination test, ami methods of preparing the antigens are described in the chapter 
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on immunity and hypersensitiveness. Cultures of known agglutinability must be 
used. A formalin-treated suspension for demonstrating floccular H agglutinins, an 
alcohol-treated suspension for demonstrating granular O agglutinins, and a pure Vi 
suspension should be used. The living Vi suspension should be freshly made each 
time a test is performed. If only one antigen can be used the formalinized one is 
chosen. Since typhoid and the paratyphoid fevers may be indistinguishable 
clinically, it is necessary to test the agglutination of these paratyphoid strains also 
with the serum. Some group agglutination of these organisms is very common in 
the higher concentrations of the serum, but it is less marked than that with the 
typhoid bacillus, and is unusual in dilutions of over 1 : 40. 

In individuals who have not received typhoid vaccine, agglutination with a 
1 : 50 dilution of serum justifies a strong suspicion of typhoid fever, which is 
confirmed if the titer rises as the disease progresses. Agglutination in a dilution 
of 1 : 100 with O antigen or more with H antigen is regarded as significant. Carriers 
may show some slight agglutination, but there is no important change in the titer 
of the serum on successive examinations. 

If, however, the individual has previously received typhoid vaccine, difficulties arise 
in the interpretation of a posiuvc reaction to the agglutination test. Within a few days 
after vaccination the serum will usually show a high titer of specific agglutinins. This n 
followed by a fall in titer, at first rapid and later very gradual, so that over a short penod 
the liter is practically unchanged. If suck an individual develops typhoid fever the titer 
of the serum will increase as the disease progresses. This, however, may occur also in 
infections other than the typhoid fevers, as for instance in infections due to the pyogenic 
cocci or other bacteria — the so-called “anamnestic reaction ” One can only conclude 
that the results of the Widal reaction in vaccinated individuals must be interpreted with 
the greatest caution, even when the titer is high and rises with the progress of the disease. 

Prophylactic Vaccination. The value of prophylactic vaccination as originally intro- 
duced by Wright has been amply demonstrated 

For many years most of the typhoid vaccine used in this country and in England wm 
made from a single culture, "Rawlings," isolated by Wright in 1900. Grinnell's investiga- 
tions with mouse protection (1932) led to the conclusion that virulent smooth strains 
should be substituted for the Rawlings strain for the production of vaccine, and that the 
demonstration of its ability to produce H and O agglutinins is not an adequate measure 
of its immunizing power. 

This question was investigated by Colonel Siler and his associates of the Army Medics 
Corps in an attempt to increase the protective properties of the typhoid vaccine used irt 
the U. S. Army. Their strain No. 58 is now used in the preparation of the new vaccine 
This is a smooth variant with high virulence and immunizing power, as tested by the 
production of active immunity in mice and protective power for mice of the serum o 
vaccinated individuals. The Army method of preparing and administering the vaccine » 
quite generally followed The vaccine is prepared by growing the culture upon a so i 
medium for 18 hours, washing the growth off with normal saline, killing the organisms 
by heating at 56° C. for one hour, adjusting the density to 1000 million bacteria per m , 
adding 0-5 per cent phenol as a preservative, and testing the final product for stern ty. 
The immunizing potency of the vaccine may be tested by the injection of suitable mice 
which arc subsequently given a “challenge dose” of virulent typhoid bacilli suspen e 
in mucin (Gnffitts, 1944). The usual method of administration is three injections a w« 
apart of 0 5 ml , 1 0 ml , and 1.0 ml. For revaccina tion, one dose of either 0.1 m . m a 
cutaneously or 0.5 ml. subcutaneously seems adequate. 
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Much of the typhoid vaccine used is of the "triple” type, containing 250 million organ- 
isms each of "paratyphoid A” ( Salmonella paratyphi A) and “paratyphoid R” ( S paratyphi 
B). A more severe reaction is often associated with the injection of this triple vaccine 
than with that made with typhoid alone. 

The employment of agglutination titer as a measure of immunity is unsatisfactory. 
There is a marked difference in titer in different individuals after vaccination, and in a 
given individual, after reaching a peak in about 30 days, the agglutinin titer falls rapidly. 
Immunity may exist in the absence of agglutinins 

A mouse-protection test is a more satisfactory measure of immunity (Gnnnell, 1932, 
Rake, 1935). 

Neither vaccines nor therapeutic sera have proved to be of value in the treatment of 
typhoid fever, nor has the usefulness of antibiotics been established 

Salmonella Group 

This is a complex group of organisms responsible for a variety of disorders in 
man and animals. In man some members cause a disease resembling typhoid fever 
(paratyphoid fc\cr); others cause acute gastroenteritis, usually associated with 
the ingestion of infected foods; some members ha\c a tendency to cause generalized 
infections which may subsequently localize as in a meningitis. A large number of 
species are found chiefly in animals. All must be regarded as at least potentially 
pathogenic for man. 

These organisms are alike morphologically and culturally on ordinary media. 
The appearance of the colonies on selective and differential-plating media has 
been described (p. 124). The salmonellas may be differentiated roughly from the 
colon group by their inability to ferment lactose and saccharose, and from the 
typhoid and dysentery organisms by their ability to ferment dextrose and mannite 
with gas production. The individual types react alike on a Russell tube, producing 
acid and gas in the butt, and no change on the surface of the slant. As a rule a 
culture may be considered to fall into the salmonella group if it shows the fol- 
lowing characteristics: ferments dextrose with both acid and gas, but not lactose 
or saccharose; produces a slight acidity in milk followed by a marked alkalinity 
in four to seven days; does not produce indol or liquefy gelatin, and does not 
produce acetyl-mcthy! carbino!, For other biochemic reactions the discussion of 
the individual members of the group and the tabic on the inside of the back cover 
may be consulted. The typhoid bacillus docs not produce gas. Although it is now 
included in the genus Salmonella, it has been discussed separately. 

Antigenic Structure and Variation. As with the typhoid bacillus the other 
salmonellas have different types of antigens. There arc somatic O antigens which 
arc hcat-stablc and formalin-sensitive. There are also flagellar II antigens, heat- 
labile and resistant to formalin. The Vi antigen has been found in a few' 
types but is not a common component of the salmonellas. There may be several 
O antigens in each salmonella strain; also each of these O antigens may occur in 
some other salmonella strains. 

This complex antigen situation is further complicated by the fact that some 
salmonellas arc diphasic. The somatic O antigens remain the same, but the 
flagellar H antigens arc different according to whether the culture is in phase 1 or 
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phase 2. In phase 1 the organisms are agglutinated only by a homologous serum; 
in phase 2 they are agglutinated by both homologous and heterologous sera. It is 
evident that much confusing cross-agglutination will occur with sera prepared 
with phase 2 cultures. Some salmonella types arc monophasic. Usually both anti- 
gens are present in diphasic strains, but one may predominate. 

For many years the classification of the salmonellas was in a very confused 
state. The work of Andrewes (1922, 192 5) on rough (R) 3nd smooth (S) varia- 
tion, which occurs in the salmonellas, and that of Weil and Felix (1920) on H 
and O antigens formed the background for the method of antigenic analysis of 
the salmonellas as developed by Bruce White (1929) and Kauffman (1941). In this 
schema the O antigens are designated by Roman numerals; the H antigens in the 
specific phase 1 are assigned small letters, and those in the nonspecific phase 2 
are given Arabic numbers. Thus, the complete antigenic formula for one of the 
strains of S. paratyphi B is I, IV, V, XII: b-I, 2; that for phase 1 is I, IV, V, XII: 
b; that for phase 2 is I, IV, V, XII: I, 2. In some other strains certain O antigens 
may be lacking. 

Salmonella strains have been placed in groups according to the dominant 0 
antigen; these groups are designated by capital letters, but the letter does not 
appear in the formula. All members of a group have at least one O antigen in 
common. 

In the serologic examination of salmonella cultures the O antigens are first 
identified, using O sera representing various heat-stable antigens of the subgroups. 
AH major antigens in a strain must be determined in order to place it correctly. 
This may be done by means of 26 O sera and 39 H sera which have been care- 
fully chosen and absorbed for that purpose. Actually, most of the strains com- 
monly encountered can be differentiated by the use of relatively few of these 
antisera. Obviously it is impracticable for every diagnostic laboratory to prepare 
ns own sera for this exacting work. Salmonella-typing centers have been estab- 
lished to carry out this identification and cultures are preferably sent to these 
places for study. The International Salmonella Center, of which Kauffman is 
director, is at the State Serum Institute in Copenhagen, Denmark. Type cultures 
and representative sera are sent from there to centers all over the world. The 
chief center in the United States is at the Agricultural Experiment Station, Lexing- 
ton, Kentucky, under the direction of Edwards. Information concerning the 
location of other centers may be obtained from these stations. 

More than three hundred types of salmonellas have been given formulas 
and names. Many are very closely related. New varieties and types are frequent y 
found. To illustrate the complexity of structure of these microorganisms a few 
are listed in Table 11 (p 132). 

For the novice, biochemic reactions and the use of a few sera prepared from 
smooth cultures in a specific phase are very helpful in diagnosis. A few of t e 

most important and representative species are discussed below. 

These include the three most commonly found in paratyphoid fever and t Q5e 
long known to be associated with gastroenteritis, or “food poisoning. 
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PARATYPHOID BACILLI 

Clinically, paratyphoid fever bears a dose resemblance to typhoid fever. It 
may be caused by S. paratyphi A. S. paratyphi B, or S. paratyphi C. 

Salmonella paratyphi A (paratyphoid A) (.9 paratyphi, Bcrgey's Manual) is distinguished 
from other members of the salmonella group by its inability to ferment xylose, or to form 
hydrogen sulfide, or to produce a strongly alkaline reaction in milk. S paratyphi A is 
monophasic (phase 1) and strains of this group A are serologically homogeneous 
Salmonella paratyphi B (paratyphoid 8) (S sehottmuetten, Rergey's Manual) produces 
acid and gas from xylose, produces hydrogen sulfide, and eventually renders milk strongly 
alkaline Strains in this group R vary in their antigenic properties, and may be very dif- 
ficult to classify S paratyphi B it readily differentiated from S paratyphi A but has con- 
fusing cultural and serologic relationships with other salmonellas of group Q which are 
associated with food poisoning. 

S. paratyphi C (paratyphoid C) (S hmchjeldn, Rergey’s Manual) is very closely related 
serologically to some other members of group C, especially to A choleraesuis Culturally it 
differs from that organism in fermentation of trehalose, arabmose, and dulcitol, and by 
formation of hydrogen sulfide 

AH three organisms may cause a clinical picture indistinguishable from that 
of typhoid fever, although the symptoms are apt to be milder. The organisms 
arc present in the blood in the early stages of the infection, and later appear in 
the feces, ami sometimes tn the urine. Agglutinins develop, and the diagnosis may 
be made by agglutination and agglutinin absorption tests. The paratyphoid strains 
are more pathogenic for animals than is the typhoid bacillus The development 
of antibodies in man and in animals ts much less marked than that which occurs 
in typhoid infection. The disease is transmitted in the same ways as is typhoid 
fever, ami some of the patients become chronic earners. 

The relative number of cases of paratyphoid fever as compared with typhoid 
varies greatly in different parts of the world. The C type has been found with 
relative frequency in parts of Asia, Africa, and southeastern Europe, but is al- 
most unknown in the Untied States. 

Immunization with vaccines is discussed m the section on typhoid fever. 
Laboratory Diagnosis. The same methods arc lived as in typhoid fever. Precise 
identification of the organisms is sometimes difficult, especially in the case of 
paratyphoid H and paratyphoid C 

SVLMOMLLVS CVfSI.SC CVSTJtOrsTT «ITK 

Salmonella infections also include those which are commonly referred to as 
"food poisoning" or "ptomaine jvotsomng." In this type of infection, food is in- 
deed usually involved as an agent of transmission, but the term “ptomaine poison- 
ing" iv a misnomer Almost any type of fond may !>c implicated, depending on the 
opportunity of infection and the type of organism involved. The sources of in- 
fection arc usually rodents, especially rat* and mice, human carriers who handle 
food, eggs, and meat from diseased animals. Evidence indicates that gastro- 
enteritis due to a salmonella is a true infection, and not caused by a preformed 
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Table 11 


Antigenic Structure oe Salmonella 


Group | 

Type of Organism 

Somatic 

0 Antigen 

j Flagellar 

I If Antigen 

Phase 1 

Phase 2 

A 

S paratyphi A (paratyphoid A) 

(I), I, II. XII 

a 



S. paratyphi B (paratyphoid B) (S. tehollmutUtrt ) 

(I). IV, (V). XII i 

b 

I. 2 


S typhimurium (S. aertryehe) 

(I). IV, (V), XII | 

i 

1, 2, 3 


S. Stanley 

IV, V, XII | 

d 

1, 2 


S, reading 

IV, XII 

e, h 

I. 5 

C 

S. choleraesuis (S. stnpettifer) 

VI, VII 

c 

1, 5 


S paratyphi C (paratyphoid C)(S.hirschfeldn) 

VI, VII, (Vi) 

c 

I. 5 


S thompson 

VI. VII 

k 

1, 5 


S newport 

VI, VIII 

e, h 

1, 2. 3 

D 

S typht 

IX, XII. (Vi) 

d 



S enteritidis 

( 0 , ix, xii 




S dubltn 

I, IX, XII 

S. P 



S mo scou/ 

IX, XII 




S scndai 

(I), IX. XII 

a 

1, 5 


I S panama 

I, IX, XII 

I, V 

1.5 


1 8. galltnarum (nonmotile) 

IX, XII 




Note: ( ) = not always present. 

Other groups beyond D have been described. 


toxin. The symptoms comprise a more or less violent gastrointestinal disturbance, 
with sudden onset, nausea, vomiting, diarrhea, some fever, and prostration. Re- 
covery is usually rapid, although occasionally a case terminates fatally. Sometimes 
the infection becomes generalized. There is usually an incubation period of a 
few hours. In the order of their frequency of occurrence the salmonellas usually 
involved are: S. typhimurium, S. enteritidis, and S. choleraesuis. 

Laboratory Diagnosis. Diagnosis in cases of food poisoning due to salmonellas 
depends chiefly upon their isolation from the stools by plating methods. Occa- 
sionally they may be demonstrated in blood cultures. During convalescence 
agglutinins may be formed which can be tested against known strains of these 
bacteria Cultures from the infected food should be made when possible. 

Salmonella Typhimurium ( S . acrtryc\e, B. pestiscaviae). This is the sa-monella 
most frequently involved in food poisoning. It is primarily found in rodents, but 
also in birds ( B . psittacosis). It is a common cause of epidemics among laboratory 
animals. It is a member of group B and very closely related to S. paratyphi B both 
culturally and serologically. Acid production in tartrate medium by S. typhimstrturn 
is of value in differentiation. Both S. typhimurium and S. paratyphi B are diphasic 
and in phase 1 they possess different flagellar antigens. 

Salmonella Enteritidis (B. enteritidis) ( Gaertner , 1888). This organism is often 
found m cattle. It has been isolated from cases of gastroenteritis caused by t e 
ingestion of meat from diseased animals, or even of food contaminated by con 
tact with the infected meat. The infection may be spread by the unclean handling 
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of food, by flics, or even by the contamination of food with the feces of mice or 
rats since it is found in these animals also. Rats and mice may recover from 
infection and become carriers of both S. ententidts and S. typhimunum. 

S. ententidts closely resembles the paratyphoid B (5. paratyphi B) bacillus in 
its cultural reactions, but can be differentiated from it easily serologically as S. 
entcritidis is in group D. 

Salmonella Choleraesuis (S. suipestifer). This organism was isolated by Salmon 
and Smith from swine with hog cholera, and was believed to be the etiologic 
agent in the cholera infection. It is now known, however, that the disease is 
caused by a filtrablc virus and that, although this organism is constantly present 
and may be isolated from the blood, it is only a secondary invader. It has been 
reported as the cause of epidemics of food poisoning in man, although it is less 
common in that role than S . typhimurium and S. entcritidis. It has also been iso- 
lated from sporadic cases of a severe general infection in man, from spinal fluid in 
some cases of meningitis, from sputum in pneumonia, from joints, and abscesses. 
Identification of this organism requires precise agglutination tests. S. choleraesuis 
can also be differentiated by its inability to ferment arabinose, trehalose, and 
inositol. 


Shigella or Dysentery Group 

BACILLARY DYSENTERY 

Acute bacillary dysentery is characterized by a severe inflammation of the 
mucous membrane of the large intestine and occasionally the lower part of the 
ileum, with the appearance of mucus, blood, and pus in the stools. The bacilli are 
present in the intestinal tract, and at times in the mesenteric lymph nodes, but 
they rarely invade the blood stream or appear in the urine. 

All degrees of severity are encountered; some cases arc so mild as to be 
practically symptomlcss, whereas others may be rapidly fatal. Atypical cases are 
common. Because of the occurrence of these and of subchnical infections many 
cases are not recognized. Recent intensive studies have revealed bacillary dysen- 
tery to be far more common than it was formerly thought to be. 

The incubation period it usually two or three days, though it may be at short as 12 
hours or as long as six days; the type of dysentery organism invotved as well as the con- 
ditions of infection are the governing factors 

The onset may be gradual or sudden, and sometimes toxic systemic manifestations 
overshadow or obscure the intestinal symptoms In the well-developed clinical picture 
abdominal cramps and severe tenesmus arc accompanied by a violent diarrhea; as many 
as 50 to 100 stools may be passed in one day These become small and bloody. Marled 
prostration and fever accompany this picture which may continue for several days On the 
other land there may !>e no svmptoms other than a few loose stools, or in a mild case a 
watery diarrhea may lavt for several da>s 

Hie term "shigellosis" is now often used to designate all infections by mcmliers of the 
genus 

General Characteristics of the Bacteria of the Genus Shigella. The d) sen- 
te ry bacilli occur, as a tulc, singly or in pairs, and do not form threads or filaments. 
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They are somewhat plumper than typhoid bacilli. In many cultural characteristics 
they resemble the typhoid bacillus, but can be distinguished from them by their 
lack of motility, certain biocbcmic reactions , and by agglutination (see table on in- 
side of back cover). The shigellas differ from the salmoncllas in three important re- 
spects; nonmotility, failure to produce hydrogen sulfide, and failure to form gas. 
Typhoid and dysentery bacilli show an identical reaction on Russell’s double-sugar 
medium, but if Kligler's iron agar is used instead, the typhoid bacillus can be dis- 
tinguished by the blackening of the medium due to hydrogen-sulfide production. 

There are several species of Shigella that cause dvsentery. These are discussed 
below. 

Shigella Dysenteriae (Shiga’s bacillus, Shiga-Kruse Type, B. shigae). This was 
the first of the dysentery bacilli to be described (Shiga, 1898) and causes the most 
severe type of infection. It is culturally and serologically homogeneous, and dif- 
fers from other shigellas in that it produces a potent exotoxin. Evidence indicates 
that two toxins arc produced; a soluble, heat-labile exotoxin (neurotoxin), chiefly 
affecting the nervous system, and a more thermostable enterotoxin, bound up with 
the cell protein. The neurotoxm produces a characteristic paralysis in monkeys, 
rabbits, and mice when given parenterally. Antitpxic sera are available for Shiga- 
type infections, and may be used in conjunction with other therapy. 

Infections due to Shiga’s bacillus occur most frequently in the Orient and in 
the “Middle East,” but occasionally outbreaks or sporadic cases are reported in 
the United States. They probably occur, though infrequently, the world over. 

S. dysenteriae docs not ferment mannitol nor produce indol— two features of 
aid in its identification. 

An organism which resembles the Shiga type in its inability to ferment mannitol but 
which produces indol and ferments rhamnose, is known as the Schmitz bacillus (S. am- 
bigua). This organism does not produce a neurotoxin as does Shiga’s bacillus, but only 
the enterotoxin common to all shigellas Its distribution is similar ro that of S. dysenteriae. 

Several non-mannhol-fertnenting members of this group, serologically distinct, have re- 
cently been described by Sachs (1943) as being common in India and Egypt. The name 
S. arabwotarda has been suggested (Christensen and Gowen, 1944) for these. 

Shigella Paradysenteriae (Flcxner-Strong Type, Hiss Y, B. flexneri, B. dysen- 
teriae, Flexner). The organisms of this group are the commonest cause of bacil- 
lary dysentery in both temperate and warm countries. S. paradysenteriae does not 
produce a soluble exotoxin, though its cell substance is toxic. 

These so-called "Flexner” strains produce acid from mannitol and form indol. Although 
they are culturally and biochemically homogeneous, they 3re serologically heterogeneous, 
and a number of serologic types have been distinguished. Andrewes and Inman (j / 
described five types which they designated V, W, X, Y, and Z. Boyd (193&) 0,051 
that X and Y are variants of others and reported three other types He proposed e 
designation of six types by Roman numerals. Boyd's work has been essentially connunc 
by Wheeler (1944) and extended by Weil and his co-workers (1943, 1944). This designa- 
tion by Roman numerals has been widely adopted. 

Since the shigellas are nonmotile, there are no flagellar antigens present, ana they « » 
therefore, not diphasic. The dominating somatic factors are used as type-specific antigen* 
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in Serologic identification This typc-specrficuy seems to be determined by a polysac- 
charide hapten. Weil, Black, and Farsetta (1944) ha\c proposed a classification of the 
shigella species (see Table 12) They list 14 types of S paradysentenae which they call S 
flexnen. Some of these include strains which have been hitherto differently designated, 
such as type VI in which Boyd included the "Newcastle" strains which sometimes pro- 
duce a small amount of gas Many type HI strains hav e been found to ferment rhamnose, 
and those of type XIII may give a positive tnmethylarmnc-oxide reaction. As accurate 
typing of the shigellas becomes more widespread, data concerning their distribution will 
have greater significance. 

A convenient scheme for provisional dilTcrentiation of the shigellas is shown in the 
following diagram (Naval Medical School Laboratory Guide, 1944) 
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Hardy and Watt (1944) have found that in large-scale field studies the u»e of three 
sugars and an indol test is sufficient fur a preliminary separation of sj>ccics, as follows 
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Si i n, li ui Sosmi (Sonne, I91S) S. ionnn has a widespread distribution and a 
high incidrncr. Tim organism ferments lactose and sucrose slowly, as well as 
mannitol, and does not produce indol. Hough (ft) and smooth (S) variation u 
especially conspicuous in Sonne cultures, although this term oi dissociation occur* 
freely m all of the shigellas 



136 


BACTEJUOLOCY 


Table 12 


SeRolocic Classification op the Genus Shigella (after Weil, Buck, 

AND FarSETTA)* 


Present Name and Type 

Previous Designation 

Shigella dysentenae 

Shiga bacillus 

S ambtgua 

Schmitz bacillus 

S. fiexnen / 

S paradyseniertae V (A & I)f 

S. fiexnen 11 

S paradysentenae W (A & l) 

S fiexnen 111 

S. paradysentenae Z (A & 1) 

S fiexnen IV 

Boyd type 103 

S. fiexnen V 

Boyd typeP 119 

S fiexnen VI 

Boyd 88 — Newcastle-Manchestcr group 

S fiexnen Vll 

S. paradysentenae X (A & I) 

S fiexnen Vlll 

S. paradysentenae Y (A & I) 

S. fiexnen IK 

Boyd type 170 

S fiexnen X 

Boyd type P 288 

S fiexnen XI 

Boyd type D I 

S. fiexnen X II 

Boyd type D 19 

S. fiexnen XIII 

Boyd type P 143 

S fiexnen XI V 

Boyd type P 274 

S. alkalescens 

B alkalescent 

S. sonnet 

Sonne's bacillus 

S. ceylonensis 

B dispar 

S madampensu 

B. dtspar 


•From Barnes (1944). 

+A & 1 refers io Andrewes & Inman. 


Shigella Ceylonensis and S. Madampensis. These shigellas have together been long 
known as S dispar They, too, ferment lactose anti sucrose as well as mannitol, but, un- 
like Sonne, they produce indol 

Shigella Alkalescens (Andrewes. 1918). S alkplescens was for some time regarded as 
of doubtful pathogenicity, but accumulated evidence indicates that it, too, is probably 
responsible for shigellosis. Sometimes this organism produces H„S. 

Pathogenicity and Transmission. Shigellosis is primarily a disease of man. 
Epidemics due to the Flexner strains occur in laboratory colonics of monkeys, and 
spontaneous infections have been reported in dogs. When suspended in roucm 
and injected parenterally, a small number of virulent dysentery bacteria will kill 
mice in 12 to 48 hours. The Sonne type is more pathogenic for mice than arc 
the other members of the group. 

Although the route may be devious, transmission of shigellosis is from the in- 
fected intestinal tract of one individual to the mouth of another. Thus unrecognized 
cases and carriers are of great importance in this respect. Convalescents may carry 
the organisms for a number of months and some of them may show recurrent 
periods of excretion after intervals with negative findings. Some carriers have no 
history of the disease. Felsen (1945) believes th3t shigella carriers are usually sick 
carriers, and that this can be shown, in spite of the absence of symptoms, by care u 
sigmoidoscopie examinations. The carrier state with the shigelloses is not analogous 
to that with typhoid fever. 
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Laboratory Diagnosis. The appearance of the stools in acute bacillary dysen- 
tery is characteristic. There is usually an absence of fecal material, and the bulk 
of the stool is composed of dear or turbid, amber-colored, serous fluid in which 
float curled masses of white mucus flecked with bright-red blood. In amebic 
dysentery the typical stool contains fecal material and blood. It has been shown 
that the microscopic appearances of the stools of these two types of dysentery 
differ. The cell exudate in bacillary dysentery is abundant, and is composed 
largely of polymorphonuclear leukocytes. In amebic dysentery there arc com- 
paratively few cells in the exudate and mononuclear cells arc more numerous 
than polymorphonuclears unless marked secondary infection is present (see p. 536). 
Warm-stage preparations may be searched for amebae. 

During the first week the dysentery bacilli may be cultivated from the stools 
without difficulty. They are often present in large numbers, or even in practically 
pure culture in the first two or three days, but dimmish rapidly in number as the 
fecal character of the stools returns. Isolation from chronic cases and from carriers 
is very difficult and uncertain. 

The mucus is spread heavily on SS agar plates (see p 35-1) on which the colonies are 
colorless After identifying the organism by its cultural characteristics, final identification 
is made by agglutinating the organism obtained with specific antiserum The use of ab- 
sorbed sera is usually necessary to determine the precise type to which a Flexner strain 
belongs The organism isolated should be tested later for agglutination with the patient's 
serum. 

The development of agglutinins in the patient's blood occurs only after one or two 
weeks, and hence is of relatively little value in diagnosis. The agglutinin titer varies ac- 
cording to the type of shigella involved. With Flexner strains it may remain high for 
several years, and may also be found in non shigella infections. The agglutination test on 
the patient's serum should be mteipreled with care 

Vaccf nation. Vaccines of the Shiga bacillus made in the ordinary way are very lotic 
for man as well as for animals. Those of the paradysentery group may be used in small 
doses without detoxification. Their use in prophylaxis is still experimental, as is also the 
use of toxoids prepared from Shiga toxin 

Treatment. Several agents are now employed in the treatment of shigella in- 
fections. Of these the sulfonamides have the most general use. Some clinicians 
recommend the more insoluble members of this group — eg, sulfaguanidme — 
which, when given by mouth, arc absorbed and excreted more slowly, and remain 
in longer contact with the infecting organisms. In the United States, Hardy and 
Watt have had best success with the more soluble drugs — eg, sulfadiazine. Dif- 
ferent species of the shigellas vary in susceptibility to the sulfonamides; infections 
due to S. ronnei arc especially unresponsive. 

A polyvalent antiserum has been used in shigella infections for many years, 
but its value has been questioned. More recently an antitoxin for the Shiga type 
has been made available in a concentrated form, with increased potency. Results 
with its use on a large scale have not been reported, but by some it has been 
considered valuable in combating the intoxication caused by infection with this 
organism, especially when used in conjunction with the sulfonamides. 
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The question of treatment with specific bacteriophage has been reopened dur- 
ing World War JI. Its use may be considered in the experimental stage. 

Alkaligenes Faecalts ( B . f aecahs aUfaligenes) . This organism is a frequent inhabitant of 
the intestinal tract. 

It does not ferment any of the sugars, and in milk cultures there is a progressive a!k> 
Unity, with the liberation of a little ammonia. It is strikingly aerobic. 

This bacillus does not seem to have any effect on animals. It has been isolated from 
the blood of a few cases which resembled typhoid, and was agglutinated by their sera 
(1 : 50). It has been under suspicion in some cases of diarrhea in children. 

CouroRM Group (Escherichia and Aeroracter) 

There arc three genera in the tribe Eschericheae: Escherichia , Atrobacter, and 
Klebsiella. The relationship of Klebsiella to the other two genera is obvious, but its 
adaptation to the respiratory tract is responsible for many bacteriologists exclud- 
ing it from a discussion of the cohform group. The genus Klebsiella has been 
described on p. 122. Eschenc/tia coli and Aerobacter acrogenes are the type species 
of the other two genera. 

Escherichia Coli ( B . colt). This; species includes a large number of types which 
differ in minor characteristics. The most important member of the group, E. cob, 
was isolated by Escberich in 1886 from the feces of infants. It is the common in-, 
habitant of the intestinal tract of man and other animals, and its presence in 
water is an index of sewage contamination. 

Morphology and Cultural CHARACTERISTICS E. coli is a Gram-negative, rod-shaped or 
oval organism with rounded ends, averaging about 0.5 X 1 0 to 3.0p in sice. It is motile, 
but less actively so than the typhoid bacillus. The degree of motility varies with different 
strains and with the same strain under different cultural conditions It is most marked 
in young cultures (under 12 hours). The bacillus grows luxuriantly on all ordinary media 
and wrthm a wide temperature range In broth it produces a uniform turbidity, with, at 
tunes, a surface scum, and often a somewhat fetid odor. It acidifies and coagulates mils, 
and ferments many of the ordinary sugars, including glucose and lactose, with the pro- 
duction of acid and gas (see table on inside of back co\cr). Potato is discolored to a 
brownish hue Gelatin is not liquefied. Indol is produced On Endo plates the colonies 
arc bright red and develop a metallic scum after about 36 hours. On other differential 
media they are a deep pink. Inoculated by streak and stab on Russell's tubes, the "'hole 
medium is acidified and gas develops m the butt. 

Special tests are used to differentiate the colon bacillus from allied species. The most 
important of these are the production of indol from tryptophane, the degree of acidity 
produced in glucose broth (the methyl-red reaction), the formation of acetyl-mcthyl c3t * 
bmol (Voges-Proskauer reaction), and the ability to use curate as the sole source o 
carbon. These four tests, tn the order named, arc designated the “Imvic" reaction \ s ’ 
typical strains of E cols the Voges-Proskauer reaction is negative, and reaction to t c 
methyl-red test is positive The colon bacilli arc unable to utilize citrate as a source o car 
bon, as docs A. aerogenes, and do not grow m the synthetic citrate medium Dineren 
strains of E. colt vary m many respects Some fail to produce gas, some ferment sucrose 
(£. communsor) , and some pathogenic strains are apt to have capsules, hcmolyze re 
blood cells, and ferment lactose very slowly. , 

Pathogenicity The colon haalit appear in the intestinal tract shortly after birth, 3 
continue to be present in large numbers throughout life. It is probable that they c«t 
some protective action in the intestinal tract, but they are capable of producing a V3r ’ 
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of infections elsewhere In the body They are particularly prone to cause unnary tract in- 
fections, and in young children a colon bacillus pyelitis is a frequent cause of fever. They 
often cause infections of the gall-bbdder and biliary passages, peritonitis from perforation 
of the gastrointestinal tract (often in association with other organisms), and suppurative 
.lesions m any part of the body Colon bacillus infections are more common m the tropics 
than m temperate climates, and cases of prolonged fever may be due to a colon bacillus 
bacteremia Owing to the tendency of these bacilli to postmortem or agonal invasion of 
the blood stream, a positive culture at this time has little or no significance. 

Aerobacter Aerogenes (fl laciit atrogcnci) This organism is found in the imestmat 
tract of man and other animals It seemi able, too, to lead a saprophytic existence m na- 
ture and may be found on grains and in sods Thus its sanitary significance in milk or 
water is different from that of E colt Like E eomnumtor it produces gas in glucose, lac- 
tose, and saccharose broth, but does not ferment dulcito! It is, as a rule, distinctly nonmo- 
tde, and often seems to be surrounded by capsular matenaE The cotomes are targe and 
very vucid Cxcept for ns greater fermentative activities u might be confused with the 
Friedlandcr bacillus Unlike the colon bacillus it gives a positive Voges-Proskauer reac- 
tion, and is methyl red negative It frequently grows in the synthetic citrate medium. 
Gelatin is not liquefied It has been reported as a cause of cystitis 

The Paracolon bacteria. These organisms are characterized by late lactose fermenta- 
tion (5 to 14 days), and some strains fad to produce gas Some contain antigens found 
in the Salmonella group Occasional strains arc somewhat pathogenic 

Detection of the Cohform bacteria in Water Supplies. The presence of intestinal bac- 
teria in water, whether it be from streams, wells, or springs, is taken at an indication of 
contamination by sewage Although some countries recognize Clostridium perfnngfns or 
enterococci as indicators of such contamination, F. colt is the organism most generally 
adopted for this purpose The detection of these bacdh winch are so abundant in the in- 
testines, and so active biochemically, is much more practical than attempting to find such 
occasional pathogens as typhoid bacilli 

There are three steps in a completed test for the presence of the cohform bacteria. 

1 Pmt'\tt*rm Tin A senes of lactose-broth fermentation tubes is inoculated with 
graduated quantities of the water (10 ml , 1 0 ml , 0 1 ml , etc ) The quantity of the 
medium must be at least twice that of the water The tubes arc incubated at 37* C for 
4S hours They arc examined at both 24 and 41 hours and gas formation recorded. The 
formation of gas occupying more than 10 per cent of the inverted via! or dosed arm of 
tube within 24 fipurs constitutes a positive reaction to the presumptive test If the gas 
formes! in 24 hours is less than 10 per cent, or if none is seen within the 4S hours, the 
reaction is doubtful and must be confirmed. The absence of gas after 48 hours constitutes 
a negative reaction 

2 Farmur Cosn»MW» Trsr I’rotn the lubes showing gas the one which contains the 
smallest amount of water is chosen for making tup or more phtes on a differential agar 
medium (fndo. covin methylene blue, MacConkcy’i). The plates arc incubates! at 37* C. 
for from I'v to 24 hours !f typical colonics develop in this period, the reaction to ihe par- 
tially confirmed lest may be considered positive If. however, no typical colonies appear 
the reaction is not definitely negative The test must l»e completed 

4 Oiwiitih Irsr Two or more of the most typical colonics are transferred to an 
agar slant and to a lactose broili fermentation tuto If no tjpical colonies appear wilhsn 
24 hours the tubes arc ininbatrd for another 24 hours Then two «t more of the colonics 
most likely to belong to die group, whether typical or not, arc transferred to agar slants 
and ti* lactose tooth fermentation tubes 

The inoculated lulves are incubated until gas forms or for -1* hours The agar vlants are 
inculcated for ll to 24 hours Then at lean one slant culture, correspmdmg to a tuto 
vs high ihrns t gas formation, is rtaminrd microscopically 

The formation of gat in lactose broth and the dcnonvtratvia of motile Cram negative. 
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non-spore-bearing bacilli in the agar slants arc complete proof of the presence of a mem- 
ber of the coliform group. 

The absence of gas formation, or failure to demonstrate such bacilli, constitutes a 
negative reaction 

When examining potable water at least five tubes should be inoculated with 10 ml of 
water The presence of organisms of the coliform group in more than one of the RJ-mL 
samples may be regarded as evidence of contamination. 

The E colt and Acrobacter acrogenes groups may be further differentiated by the 
Imvic group of tests. More detailed description of the bactcriologic and chemical examina- 
tion of water both quantitatively and qualitatively, may be found in the Standard 
Methods of Water Analysts published by the American Public Health Association, Ninth 
Edition (1946). 


Gelatin-liquefying Fecal Bacteria 

Aerobacter Cloacae (B cloacae) ( Isolated First from Sewage by Jordan). A. cloacae is, 
as a rule, a hquefier of gelatin, although not as active as the protcus group. In its mo- 
tility and in its reactions with milk and the sugars it resembles the colon bacillus The 
Voges-Proskauer reaction is positive, the methyl-red reaction negative, and, like the A 
aerogenes, it gives a positive reaction to the citrate-utilization test. 


Proteus Vulgaris. This organism is often encountered in plates made from 
water contaminated with sewage, and in routine stool examinations for pathogenic 
enteric microorganisms. Certain strains arc agglutinated by the serum of patients 
with typhus fever and other rickettsial infections. 


Morphology and Cultural Characteristics. The bacillus is very motile, long and slen- 
der, tending to form filaments. It is Gram-negative. The spreading growth on solid media 
is characteristic of the group It is perhaps the commonest of the “spreaders" encountered 
on Petri dishes in enteric bacteriology. From the central colony irregular, translucent 
streamers spread out and coalesce until the whole surface of the medium is covered 
Glucose, maltose, and generally saccharose arc fermented, but not lactose. The reaction 
on Russell’s double-sugar medium is, therefore, identical with that of the salmortelbs 
The use of a triple-sugar medium such as T.S.I., or Krumweide’s, avoids this confusion, as 
also does Khgler’s iron agar since the proteus organisms produce hydrogen sulfide. A 
valuable means of identifying the protcus organisms is found in their ability to deconv 
pose urea (Rustigan and Stuart, 1941) (see p 351). Milk is coagulated and alkalinized. 
Later the indicator is reduced, the clot digested, and the medium becomes a dirty yel- 
lowish-brown fluid Indol is rarely produced. The cultures generally have a putrefactive 
odor. Gelatin is rapidly liquefied, and some strains liquefy coagulated blood serum. 

Pathogenicity Proteus vulgarts is common in putrefying organic material. It has been 
reported as the cause of acute food poisoning, and has been found in the blood in these 
cases. It may cause various suppurative processes, such as otitis media, peritonib », cystitis, 
and pyelitis, usually in association with other organisms. 

Variation. NonmotiJe forms of Proteus vulgaris occur which grow m round, 
thick Colonies without the characteristic spreading. Weil and Felix applied the 
term O (ohne Hauch) to their strains of this variety in contrast to the motile 
spreading types which they designated as H (Hauch). Since their original wot , 
the letter H has come to be applied to the flagellar antigen and antibodies of 
various motile bacteria, and the letter O to the somatic antigens and antibodies 
of the nonmotile forms. 
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WeiuFlux Reaction, Weil an <1 Felix isolated from the urine of three typhus 
fever patients two strains of Proteus vulgaris which they designated as and 
X„, These strains are nonmotilc and nonspreading (ahne Hauch), and, there- 
fore, represent the O form. These strains arc agglutinated by the sera of patients 
with typhus fever and other rickettsial diseases, although they are neither the 
causative agents nor secondary imaders. The reaction is, therefore, heterologous 
and nonspecific, but it is an almost constant phenomenon, is not present in other 
conditions, and is of great practical value in diagnosis. The test 5s described m 
detail in the section on typhus fever 

Proteus Morgan! ( Salmonella morgant, Morgan's Bacillus. Morgan's \o 1) Tins 
bacillus was isolated by Morgan (1906) from the stools of infants with summer diarrhea. 
It has been classified with one group after another It does not liquefy gelatin, and pro- 
duces mdol It is now placed in the genus rroleus instead of Salmonella It seems to pUy 
a role in some diarrhea* of infants 

Cholera Vibrios 

Vibrio Comma ( Vibrio cholerae assattcae. Spirillum <holerae astaucae) {Koch, 
J$S4). This organism is the cause of Asiatic cholera. 

Morphology Typically, the organism is a small, slightly curved rod, 0 4 to 06 X 1.5 to 
30 U may occur in S shapes, ms mg to the end toend attachment of a pair of organisms; 
m cultures long threads showing a somewhat spiral appearance may be teen. In smear* 
made from bus of mucus and cellular debrss in the feces the- bacteria often resemble fish 
swimming parallel to one another rn a stream After artificial cultivation, and occasionally 
m freshly isolated cultures, rod forms, coccoid, and club-shaped involution forms are fre- 
ouent Oh no found that their development depends .n part upon the reaction of the 
medium, and suggested (hat transfers be made on media of varying pH to obtain the 
characteristic Mhno morphologv There is a single, long, terminal flagellum which im- 
parts to the organism a very active "scintillating" 
or “darting" motility Vibrio comma stains eas- 
ily by ordinary methods and is Gram negative 
Common!* I 'brio comma n much less curved 
than Us name indicates It was named by 
Robert Koch and the old German script comma 
» nearly straight 

OiTiKYi ('imvnilSTiri Hie I ibnotomma 

„ itri.tlv wd Km»* >»*>> "T"” ”' d, ‘ 

ran niHufc medu Hi. «««■<■» .* 

p]| VO (.« 90 Growth iv inhibited by a moder- 
ate acidm. hut will occur on metha suficicntly 
alkaline to inhibit other ‘peue* of bacteria Tim 
tolerance for alkalinity facilitate* the ivolatmn 
of thtve organism* from the feces by special 
media On agar the colonies are translucent, 
bluish gras, resembling somewhat dwvsc of the 

typhoid bacillus On gelatin pbte* they are more , 

ebaras trm tic, and appear after 2* hours a* small, highly refracule, whtmli colwuet which, 
under the l<«w power, have a gTanular center vsith ipinmc margins, and a surrounding rone 
of Iniuef action In gelatin «ab» incubated at room temperature a turnipshaped area e.f 
liquefaction aj-pran at the t«p of the jmneturr-the air bubble aps-earance CnaguLsln! 
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blood scrum is liquefied. Milk is (usually) not acidified nor coagulated. On alkaline potato 
the growth is whitish and later changes to a brownish-yellow or pinkish color. In broth 
or in Dunham’s peptone solution growth is rapid and luxuriant, especially at the surface, 
and a pellicle is formed Pellicle formation is correlated with roughness or smoothness 
of colonies. In the latter medium mdoj is produced, and the nitrates arc reduced to ni- 
trites The addition of a few drops of concentrated sulfuric acid alone will bring out 3 
red color due to the formation of mtroso-mdol — the cholcra-rcd reaction (see p 358). 
The ability to ferment carbohydrates vanes somewhat with different strains. Three sug- 
ars arc the basis of a useful classification into six groups, as described by Heiberg 
(1935). All of the true cholera vibrios and also some noncbolcra varieties are found in 
group I. Strains of this group ferment mannose and saccharose, and fad to ferment 
arabinose Since many kinds of vibrios arc found in nature, especially in water and feces, 
such a simple means of ruling out nonpathogenic strains is of great practical importance. 
Strains that are found not to fall into group I do not have to be examined serologically. 

The typical cholera vibrio does not produce hemolysis on blood media, although after 
several days growth there may be some chemical alteration or digestion of the medium 
around the colony which simulates a zone of hemolysis Cooked blood medium U cleared 
in the same way. If a filtrate from a broth culture is added to a suspension of red blood 
cells, no hemolysis occurt. An exception to this role is the El Tor vibrio which was isolated 
front cases of fatal diarrhea m pilgrims at El Tor. This organism, which also falls into 
group 3, is actively hemolytic, yet is agglutinated by cholera immune serum. 

.SrsoLOCic R slatiosswps Most vibrios have a common H (flagellar) antigen whereas 
the O (somatic) antigens arc specific. Gardner and Venkatraman (1935), using antisera 
produced with bear-stable antigens, found that mosr vibrios may be placed in one of sit 
groups on the basis of the specific agglmmabthty of the O antigen. True cholera vib- 
rios, and some of the El Tor strains, fall into group I of this classification system. Sero- 
logic identification of the cholera vibrio depends, therefore, on the use of a specific 0 
antiserum. 

Three types of cholera vibrios have been described within group I by means of settr 
logic reactions. Inaba, Ogawa, and Hikojima. Since there are epidemiologic and immuno- 
logic differences among these types it becomes important to determine the type of vibrio. 
Absorbed antisera used in agglutination reactions will determine the type. Inaba ano 
Ogawa types arc most common in India and China, while the Hikojima type has been 
described as causing outbreaks in Japan and occasionally on the coast of China. Burrows 
(1946) has found three antigens which he has designated as A, 13, and C. On the basis 
of the distribution of these among the cholera vibrios he has proposed a nev cfasufica- 
tion. 

The six fermentation groups of Heiberg and the six serologic groups are nut identical. 
True cholera vibrios are contained, however, in group I of each classification. 

The cholera vibrio is readily dissociated, and a number of variant strains have been pro- 
duced by various methods of cultivation According to Linton et at, these changes depot 
primarily upon a loss or chemical alteration of the specific carbohydrate. 

Toxic Products No true soluble exotoxin has ever been demonstrated in cholera Vi 
rios The endotoxins of the cells are especially toxic and a profound toxemia seems to 
occur in human cases. .. 

PatHocemcztv Feeding, or subcutaneous injection of the cholera vibrio does not usua " 
cause infection in adult animals. Koch, however, produced the disease tn guinea pig* Y 
injecting the organisms together with alkali into the stomach, and giving them op 1316 * 
inhibit intestinal peristalsis. Imrapentoneal injection usually gives rise ro a fatal peritonitis^ 
However, when the organisms are injected into an immunized guinea pig, or when 3 sm ^ 
amount of immune serum is simultaneously injected, bacteriolysis takes place K°f ft v er 
phenomenon)* If material is removed from the peritoneal cavity with a pipet, at 
of from 10 to 60 minutes, the cholera vibrios will be found to have lost their mo 1 7 
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and to have become granular and degenerated. Other vibrios are unchanged The re- 
action may be demonstrated in a pipet if fresh serum is used. Mice are susceptible if the 
\tbnos, suspended m mucin, are in/ected imraperitoneally Griffins (1942) has used this 
method for the evaluation of cholera vaccines Agglutinating and bacteriolytic sera of 
high titer can be prepared by the immunization of animals 
Pigeons are almost insusceptible to the true cholera vibrio but are readily infected by a 
closely allied species, V metchm\oti. which is not pathogenic for man It is more patho- 
genic for guinea pigs than is the V tomma 

Transmission Cholera is endemic in India, and practically every pandemic lias been 
traced to this area. Another endemic focus is believed 10 exist in China The disease is 
spread by contamination of water supplies or food by feces from a patient or from a ear- 
ner. The organism may live for weeks in stagnant water, and great explosive outbreaks 
have occurred from polluted water Ordinarily the vibrios disappear rapidly from the 
feces (within 7 to 14 days), but Grieg has shown that the biliary tract is often in- 
fected, and that they may persist here for a long period of time Virulent organisms have 
been demonstrated also in the feces of healthy individuals who have been in contact with 
cholera cases On the other hand, epidemiologic observations indicate that even typical 
agglutinablc vibrios from the feces may not be virulent, and the possibility of the dis- 
semination of the disease by chrome carriers has been questioned 

Cholera in Man. The onset is abrupt after an incubation period of from two to 
five days. A profuse diarrhea occurs, usually without colic or tenesmus The stools 
soon lose their fecal character and consist of a watery, slightly opaque fluid con- 
taining floccult of desquamated epithelium and mucus (the characteristic ncc- 
water stools). Similar material is vomited At this stage muscle cramps are fre- 
quent, probably associated with the great loss in chlorides caused by the diarrhea 
and vomiting. There is great toxemia which probably tit pends in part upon the 
absorption of the endotoxin. The dehydration is intense, and there is anuria, low 
systolic pressure, and cyanosis. The subcutaneous tissues are so shrunken that the 
body has a cadaveric appearance, and the hands look shriveled, the typical so- 
called “vvaslicrw Oman’s hands.” At this stage the blond Incomes greatly concen- 
trated, the red blood cells frequently reaching 7 or 8 millions, with a correspond- 
ing increase in the leukocytes. The proteins of the blood arc concentrated, and the 
specific gravity is raised As a result of the anuria and the increased tissue destruc- 
tion, the tionprotein nitrogen of the blood may reach high figures. Sellards found 
that there is also an acidosis (due to loss of base through the intestinal tract), he 
witnessed great improvement in patients who were given intravenous injections 
of sodtum bicarbonate solution. Equally good results follow large and repeated 
injections of hypertonic salt solution, to which glucose mav be added. If anuria 
is relieved, the kidney seems to lie able to restore the acid base equilibrium. In 
untreated patients the fatality rate is over 50 per cent. 

The vibrios disappear rapidly after recovery, ami chronic earner* probably 
do not exivt 

l,*r'WATu*Y DtArvoses During ihr acute stage of the dnrase the vibrios can 
l»e demonstrated in hrge nuinlx-r* in smear* from the nee water stool* ami by 
culture* of the stools. They do not penetrate into the tnbmucma, and are seldom 
tf ever found tn the Mood slieant I scrpiiunalh the* have been itolited from the 
lit me, ami (Jtieg hss found them m the longs in convalescents who developed 
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pneumonia. He believes that they are carried to these areas by the lymphatics. In 
the later stages the diagnosis may be made by agglutination tests. 

feces. The organisms may be recognized in smears from a fleck of mucus stained with 
3 1 : 10 dilution of cacbolfuchstn In such preparations they frequently show the "fish in 
a stream” appearance. In feces the vibrios often appear to be in “pure culture." 

For cultivation the methods of Linton 
(1945) are recommended and these are 
quoted extensively below. When the sibnos 
are abundant 3nd the material can be 
handled at once, stools may be plated out 
directly. If it is necessary to preserve stool 
material or to transport it, the buffered 
boric acid-potassium chloride mixture de- 
scribed by Venkatraman and Ramaknshnan 
(1941) is recommended. Successful isola- 
tion up to 92 days has been reported when 
this preserving fluid was used. (/«</. / M 

Res., 1941.) 

When the stool specimens arrive in the 
laboratory they are placed in a bismuth- 
sulfite enrichment medium (Wilson and 
Reilly, 1940), and incubated at 37' C. 

Cholera vibrios— "fish in the stream appear- {or to 48 hours and then plated out. 
ancc " (After Jochmann from Mayer) A tube of alkaline (pH = 8 to 9) peptone 

solution may also serve as an enrichment 
medium if incubated for only a few hours. Plating can be done on Aronson’s medium 
(p 357), or on plain nutrient agar (p 341). The SS (Salmonella-Shigella) medium (p 354) 
may also be used On Aronson's medium, vibrio colonies are red and colonies of the colon 
k '"'" ' 1 ” • " • ■ -three days 

.. .luji iv/ nuy oe pu.Ked and tested on. a slide with an O antiserum, 11 

agglutination occurs, more extensive tests may be run The colonies may be picked aud 
these cultures put into three sugars; those giving the reaction of Heiberg’s group I 
(mannose and saccharose — , arabinose = 0) should be studied serologically and for 

other characteristic reactions 

Final identification of the organism is made by agglutinating it with a cholera immune 
serum, preferably one prepared with the O antigen only The demonstration of Pfcinei* 
phenomenon with immune serum is the surest proof that the suspected organism » a 
true cholera vibrio. 

serologic tests. H + O agglutinating sera are prepared by intravenous injection into 
rabbits of living suspensions of vibrios in increasing doses at five-day intervals Three to 
five injections will usually gn e a good titer. 

For O antisera the suspensions of vibrios are heated in a boiling water bath for one 
to two hours to destroy the H components Intravenous injection of rabbits is done as 
above. A high titer is less often obtained with this 'antigen. According to Linton, sets 
with a lower titer than 1 500 should not be used. Another means of obtaining an 
antigen is by successive replating and picking of translucent colonies of 4 culture. These 
Q seta are Sufficient for most diagnostic work If differentiation between the types wit * n 
the group is indicated, the sera can be rendered specific for these by absorption with t .« 
heterologous organisms. 

Agglutination tests with these sera are set up as usual, but ore incubated tows hours 
52* C., and left at room temperature until the following day before recording results. 
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Agglutinins appear in the patient’s scrum about the fourth day and reach a maximum 
in about two weeks They may be demonstrated by agglutination tests with a known 
cholera strain. The titer is variable, from 1 • 100 to 1 • 1000 or higher. Pfeiffer’s phenome- 
non may be obtained with the serum when the agglutination is not clear-cut 
water. For isolation of the vibrios from water, samples are collected in sterile quart 
bottles, salt or sea-salt mixture is added to make a 1 to 2 per cent solution, and the pH 
adjusted to 9 2 with sodium hydroxide When such samples reach the laboratory they are 
filtered through Seitz pads and the pad placed in the enrichment medium. From this 
point on the procedure is the same as for stools 
Immunization An attack of cholera confers a lasting immunity. Second cases have not 
been definitely prosed. Prophylactic \accmation was first attempted by Tcrran in 18S5 
and later by Haffhine with live cultures. Kolle first introduced the use of killed cultures, 
which are employed exclusively at present. These vaccines may be prepared by the same 
methods as typhoid vaccine Two doses of 4000 and 8000 million vibrios arc given with 
an interval of about a week. Castellam combines them with the triple typhoid vaccine. 
Reports have shown that vaccination has been of considerable value during epidemics, 
both in decreasing the incidence of infection and in reducing the mortality 
In several large senes the morbidity among the inoculated has been reduced to from 
onc-quartcr to one-tenth of that among those not inoculated. The mortality among those 
attacked was also reduced, but to a much less extent (about one-half in some series). 

Paracholera Vibrios. Various other organisms resembling the true cholera sibrio 
have been isolated from cholera-like conditions They differ in minor characteristics and 
are not agglutinated by an anticholera O serum They have been designated the para- 
cholera vibrios Five groups have been differentiated, based on differences in their O 
antigens 

Nonmotile, nonhqucfywg vibrios hive been described Some are also phosphorescent 
Chromogcnic Bacilli 

Pseudomonas Aeruginosa (B pyocyaneus ) ( Ges/ard , 1882). There are about 
thirty species of the genus Pseudomonas, most of which arc fluorescent, motile, 
and gelatin-liquefying P. aeruginoia is the species of medical importance This 
organism is frequently termed the bacillus of green or blue pus. It is widely dis- 
tributed in water and air, on the skin, and in the upper respiratory tract, and is 
often isolated from frees. It is associated sometimes with other pyogenic organisms 
in abdominal abscesses. It is probably more pathogenic than has been supposed, 
and is sometimes the sole cause of cystitis, otitis media, mastoiditis, meningitis, 
enteritis in children, and, occasionally, even of septicemia 

Morphology a*.i> Cl ltcral CmnACTTRimcs This bacillus is small, slender (05 X 1-0 
to 25p), motile, and Gram negative. It grows readily at room or body temperature. 
Growth on agar is abundant, moist, and greenish, and a bright green color is diffused 
through the agar Gelatin is rapdly liquefied On potato the colonies arc a sleep nlivc- 
green to dirty brown Illootl serum is digested, and the pined surface shows a reddish 
brown color No gis is produced from any of the carbohydrates, and acid is formed only 
from glucose No indol it produced. 

In the presence of oxygen, pigments ate formed which have been separates! into two 
main type*- (D pyocyanm, a blue-green pigment, soluble in both water and chloroform, 
and {*) fluorcsctn, a yellowish -green, fluorescent pigment, soluble in water but not in 
chloroform. A red pigment, pyorobm, lias also torn described 
A Urge numlier of variants have t'een described— R forms, nnniiotile, and nonpigment 
j»roducing strains; and an cncapulated variety has tocn reported. 

Toxins. In addition to an endotoxin, the pyocyaneut bacillus produces a soluble tmm 
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similar to the diphtheria and the tetanus toxin, hut different in that it will withstand a 
temperature of 100° C. for a short time and is much less potent than either the diphtheria 
or the tetanus toxin. 

The fact that the union between toxin and antitoxin is only of a binding, neutralizing 
nature is shown by taking a mixture of pyocyaneus toxin ami antitoxin, which is innocu- 
ous, and heating it to 100* C. This destroys the antitoxin, but docs not injure the toxin, 
which retains «s original toxicity. On the other band the toxins of diphtheria and tetanus 
are less stable than the corresponding antitoxins, and, therefore, heating xvould destroy the 
toxins first. 

The B fluorescent hquefaciens of water seems to be simply a strain of P. aeruginosa. 

Serratia Marccscens (B. prodigiosus) . This is a very small, motile coccobacillus. It is 
Gram-negative. The colonies on agar or other solid media show a rich red pigment which 
develops only at room temperature. S. marccscens is frequently found on foodstuff, espe- 
cially bread, where it has been mistaken for blood. It liquefies gelatin rapidly and pro- 
duces a diffuse turbidity in broth. It is probable that S. tndica and S. kjltcnsis ait strains 
of S. marcesctns 

On account of its size and visibility it is often used to test for leaks in filters. It should 
be held back by Berkefeld V filters. 

Chromobacterium Violaceum (B. vialaceus). This bacterium, a violet chromo- 
gen, has been described under many names. It has been found in water and soil. 
At times it may be definitely pathogenic, ft has frequently been found in abscesses 
and several cases of fatal infection have been reported, ft is said on good authority 
that such cases arc really due to C. ianthinum, and that C. violaceum docs not grow 
at 37° C. 

This Gram -negative, motile organism produces a deep-violet pigment, soluble 
m alcohol but not in chloroform. Gelatin is liquefied and indol is not produced. 

Non-spore-forming Anaerobes 

This miscellaneous group is composed of a number of organisms which are probably 
not related. They are little known and often overlooked because they are anaerobic, non- 
spore-formmg, and usually Gram-negauve. They are found in the mouth, intestinal tract, 
and genital tract, and are frequently associated with other organisms in suppurative proc- 
esses Wherever they have been looked for they have been often found. Dack (wx ) 
found them in 200 of 5180 specimens submitted in the Department of Surgery of 6 
University of Chicago. Many of them belong to the two genera Fusobaetcnum and Bie- 
teroides. Members of the genus Fusobactertum (F plauti-vincenti) ate f»und m > c 
mouth and may be associated -with Vincent's angina. The classification of the>c orgao> scr ^ 
is discussed in connection with Vincent's angina on p. 155. Dsalister pneumosWtcs, tensa 
in the nasopharynx, is discussed on p. J06. 

The members of the genus Bacterotdcs are neither rare nor difficult to find. They are> 
however, often overlooked since they are anaerobic, usually grow slowly, and often requ* 
enriched media. They have been found in the intestinal tract of healthy and disease 
persons and animals, and have been encountered also in a variety of human infectio ^ 
such as appendicitis, peritonitis, mastoiditis, and abscesses of lung, liver, and urinary trac . 
Of the many species that have been described those most frequently met in human 
fections arc; (I) Bacterotdcs fragihs, a delicate organism, rather difficult to S r0 ^» . 

short-lived; (2) Bacterotdcs melanogemcus, also dehcate, which produces a coa ' . . 
pigment on blood agar by the fourth or fifth day; (3) Bacterotdcs fundultjormis, a i ^ 
easier to cultivate and slightly more active biochemically, and (4) Bacterotdcs terp* ' 
which produces gas as well as acid in a number of carbohydrates, produces wool, 
blackens brain medium. 
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Streptobacillus Moniliformis 

The classification of Streptobacillus moniliformis is uncertain, but by common 
usage this term has been tentatively accepted. Initially isolated by Schottmucller 
(1914) in Germany and by Blake (1916) in the United States from cases of rat- 
bite fever, the infection’s rodent source was demonstrated by Tunmcltff (1916) 
who found it in the lungs of rats A milk-borne outbreak in Haverhill, Massa- 
chusetts, (Parker and Hudson, 1926) due to this organism was designated as 
Haverhill fever and the organism at that time termed IJaverhillia multiformis. 
It has also been called Actinomyces mum rattt. 

The organism it very pleomorphic in cultures, with filaments that are fragmented into 
bacillary and coccoid forms. It is Cram negame 

Staining n difficult Wayson's stain (p 366) is recommended After fixation the film 
should be stained for 20 seconds and then flooded with alcohol Then the slide should 
be dried immediately with a stream of air Viable organisms are stained blue, and dead 
ones pink A relation to the pleuropneumonia group of organisms hat been suggested 

The medium of choice for isolation is a tryptosc phosphate broth containing 20 per 
tent of horse serum, or a dextrose starch broth similarly enriched (p 346). The most fa- 
vorable pH is about 7 6 Solid media may be made, if preferred, by adding agar to these 
broths 

For routine isolation purposes it is necessary that serial transfers in the above fluid 
media be made daily for about a week. The growth is characteristic with fluffy, white 
colonies of about 1 to 2 mm. settling at the bottom of the tube. The organism wilt grow 
on Loefller’s serum and on egg yolk medium. Daily transfer is unnecessary after the or- 
ganism is established on solid media Cultures will lne a ucek at 4* C, and will remain 
viable indefinitely when dried from a frozen state. 

Rat-bite Fever Due to Streptobacillus Moniliformis. Rat-bite fever is a term 
used to describe a specific clinical disease caused by the bite of a rat. The disease 
is due to either Spirillum minus or SireptobaetUus moniliformis. Although certain 
differences in the clinical aspects of the two infections have been reported, it is 
only by demonstration of the causative organism that diagnosis can be accurately 
made. The infection caused by Sp. minus is discussed in another clnpter (p, ICO). 

The incubation period of rat-bite fever due to Streptobacillus moniliformis is 
shorter than that due to Sp. minus The onset of illness is usually sudden with 
symptoms of a generalized infection. The fever tends to be intermittent, or 
periodic A scjrlatimform or morbilliform rash usually appears at the onset of the 
second bout of fever. Arthntu involving one or more joints also occurs at this 
time, this arthritis is transient and migratory. The organism can l*c isolated from 
joint fluid av well a* from the Mood. A false-positive serologic reaction for 
S)p!nhv may be obtained. The course of illness is frequently prolonged, the average 
ease lasting about a month. 

for demonstrating the cnolngic agent, methods should be employed that are 
suitable for either Streptobaallni moniliformis or Sp. minus, f .arson has sug 
gestrd that the following pr«*ccdurc be employed. 

1 IMd'wuied M<**d i* ukrn ai ihr onvt and at the height of fc»er 

2 fa) laquid medium i» inoculated with I to 2 ml , (b) rat* and mice arc lOivulatcd 
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intrapcmoneally, and mice are inoculated in die footpads. (These animals should be 
examined prior to inoculation foeSp. minus , :) 

3 Cultures on artificial media should be observed as previously stated. 

4. The blood and peritoneal fluid of inoculated animals should be etamioed daily 
under dark-field illumination for at least two weeks. Organisms demonstrable within 24 
to 48 hours have no significance. If Strcptobacillus moniliformis is present, mice may die 
in 48 hours with no gross lesions. If death occurs in a week the spleen is large, and 
necrotic foci may be found in the spleen and liver. Organisms may be isolated from these 
organs Slice injected m the footpads « ill develop arthritis in a week, and (he organism 
may be cultivated from the fluid. Streptobacdlus moniliformis has never been visually 
demonstrated in the tissues of the affected areas. 

Penicillin is the treatment of choice. 

Pleuropneumonia Group of Organisms 

For many years these peculiar microorganisms were considered to be filtrable 
viruses, and were long cued as the only viruses to be cultivable. During recent 
years they have been recognized as a distinct group of filtrable parasitic and 
saprophytic organisms, different from viruses, ordinary bacteria, or rickcttsiac. 

These organisms will grow in cell-free media as pleomorphic rings, globules, 
granules, or filaments. They are considered Gram-negative, hut stain with di5- 
culty with the usual bacterial stains. Methods used for protozoa arc said to be 
more successful. They arc filtrable, and will grow aerobically or anaerobically, 
preferring a pH of 7.8 to 8.0. They will form colonies on suitable media. Isolation 
is best accomplished in an agar medium containing 30 per cent serum or ascitic 
fluid. The organisms will produce acid in some sugars. Cultures will live 
weeks or months if scaled and refrigerated. 

Classification of these organisms is very unsettled. They were, at one time, 
placed m the family Actinomycctaccac. Sabin (1941) has proposed a classification 
into two families and two genera. Dienes (1945) has suggested that they be placed 
with the Pastcurellas. They have been isolated from a number of bacterial cul- 
tures. Kleincbergcr (1942) found them in all strains of Streptobac ill us moniliformis 
which she examined. A relationship has been suggested though Kleincbergcr con- 
siders the pleuropneumonia group to be distinct from StreptobneiUus rn'>nih]orm ,s ' 

Organisms of the pleuropneumonia group arc the ctiologic agent of pleuro- 
pneumonia of cattle and agalactia of sheep and goats. They have be,n found m 
canine distemper and in mice and rats, although no role in the cause of disca $e 
has been proved. Dienes (1940) has reported finding such organisms in man. 

Donovan’s Bodies 

Donovania Granulomatis {Anderson, DeMonbrcun, and Goodpasture, 194$)' 
This organism was first described by Donovan (1905) as occurring in the 
of granuloma inguinale as a coccoid or short, rod-shaped body, surrounded y a 
thick halo or capsule, found within a mononuclear phagocyte. The organisms ar^ 
Gram-negative but stain well with Giemsa’s stain. Similar unencapsulated o ie ^ 
are found outside the cells in the lesions of granuloma inguinale and may s o\ 
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bizarre variations in structure. They were at first regarded as protozoa, and 
commonly have been known as Donovan’s bodies. 

Donoiama granttlomalit cannot be grown on ordinary media nor on the chorioallantoic 
membrane of cluck embryos, and the laboratory animals thus far tested, including rhesus 
monkeys, have been insusceptible to inoculation Anderson ct al. obtained cultures in the 
yolk sac of developing chick embryos by inoculating uncontaminated material from the 
lesions of three persons with granuloma inguinale. The organisms grew abundantly in the 
yolk and in the cells of the yolk sac but did not invade the other tissues of the embryo 
Anderson ct al also cultivated the organisms m tilro in yolk aspirated from developing 
embryos (not in that from unfertilized eggs). In their growth requirements the organisms 
seem to be intermediate between the bacteria and the viruses in requiring substances 
liberated by growing cells, although they are not strictly obligate intracellular parasites. 
Anderson ct al, regarded them as bacteria 

Using material from chick embryo cultures as antigen, Anderson ct al. obtained posi- 
tive cutaneous allergic reactions in patients with granuloma inguinale, and positive precipi- 
tin and complement fixation reactions with scrum from such patients Although these re- 
actions have not been studied sufficiently to warrant their use as diagnostic tests, they 
appeared to be highly specific and to furnish strong evidence that Donotama gramilomatit 
is the causative agent of granuloma inguinale Production of the disease in man by inocula- 
tion of cultures has not been reported. 

Granilomv Incuivaie. Granuloma inguinale is a venerea! infection, largely limited to 
negroes, which is widespread in the tropics including the West Indies, and is not un- 
common in the southern portion of the United States. The lesions are chiefly limited to 
the genital regions, starting as small vesicles which spread over the skin and mucous 
membranes, become excoriated, and produce chronic, foul ulcers which are often covered 
by exuberant granulation tissue They rarely involve the deep tissues, however, and have 
relatively little effect on the general health Diagnosis is made by demonstrating Dono- 
van’s bodies within the cells in scrapings from the lesions 


CHAPTER 6 


Spirochetes 


Classification 


It is still unsettled whether the spirochetes should be considered as protozoa, as 
suggested by Schaudmn 30 years ago, or whether they are more closely related to 
the bacteria as was originally believed. At present the latter view is more gen- 
erally held, and Bcrgey, m the last Manual oj Determinative Bacteriology, places 
them m the class Schizomycctcs, order Spirochactales. 

Noguchi first proposed a classification of the spirochetes based largely upon morpho- 
logic differences (p 151). The following classification, adopted by Bergcy, is based upon 
that of Noguchi, but uses the name Borrelta for tbe genus winch he originally termed 
Spironema 

Family I. Spirociialtaceae 

Genus I. Sptrochaeta (Ehrenberg, 1838). Large free-living fresh-water and marine forms 
Type S phcatihs (500 X 0.75/*), cylindrical, with regular spirals 1.5/* apart. Has an elastic 
flexible axul filament but no crista or flagella. Not dissolved by bile salts or saponin in M 
per cent solution 

Genus II Saprosptra (Gross, 1911) Large free-hviag'marine and fresh-water forms; type 
S grandu (100 X 0 8/*). Is divided internally into chambers by many transverse septa 
Organism disposed in numerous relatively rigid undulating curves. There are no flagella 
nor is there an undulating membrane (cricta) 

Genus III CrtsUsptra (Gross, 19101 „ Large spirochetes parasitic in alimentary tract of 
oysters and other shellfish; type C halbtamt (Certcs, 1882) (45 to 90 X 1.8/* with obtuse 
ends, cylindrical and composed of iwo to five large irregular flexures). Has a distinct an 
flexible longitudinal crest and an internal chambered siruciurc like Saprosptra 


Family II. Treponemataceaf. 

Genus I. Borrelta (Swellengrebcl, 1907) Type B gaUmarum ( B an senna — syn ) (&' 
kharoff) Various sizes, no axial filament, no crista, or undulating membrane. All distn e 
grated by 10 per cent saponin and bile salts; 5 to 14/* in length X 0.5/* in width, flext * 
and snakelike. In man B tecunrentis, B novyt, B duttonn, B berbera, B car ten, B n n 
centit.B bite c ale, B eurygyrata, B broncbiahs, B theilen and many others. * 

Genus II Treponema (Schaudmn, 1905) Type, T pallidum (Schaudmn and Ho ^ 
mann). Shaped like a corkscrew, pointed ends, 8 to 14 X 0-3/* with from 6 to 12 turn * ^ 
the spiral With dark ground appears as silvery, delicate corkscrew in motion. Imper 
illumination may show the organisms as dots Curves rigid while in Borrelta they ten ^ 
straighten out Members of both these genera (German theory) composed of cct0 ' 3 " 
endoplasm, the former being continued beyond the latter forming the attenuated en ' 
Genus III I^ptospira (Noguchi, 1917). T yjv L teterohaemorrhagtae (Inada and o ■ 
Seven to 14/* in length, 0 3/* in width, with pointed ends and a spiral amplitude of /*• 
one or more gently undulating curves. Terminal filament, axial filament, and undu a 
membrane absent. Resists 10 per cent saponin but is dissolved by bile salts. There 
many pathogenic species. Progress is by rotary motion, 
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diagram contrasting the charavtcmtic feaiuiei and relative proportion! of Port eh j {S/winerwj), 
Trfpnrtenut. CnittCfira, Stproifirj, Sftroe/neu, and lertoiftr* The role in truer* ti picti in 
the upper Irfl-hand corner of the figure (After Nugmhi m / Ctfrr MeJ ) 

Die Spittxhacuceae do not occur »n man and are of no medical significance The 
members of the genus Borrelu are often referred to at the blood spirochete* tn contra 
distinction to the Treponema or tissue spirochetes Intermediate between these two 
genera rs the l^ptorpira group, the members of which have characteristics in common 
with both. The Borrelu tvicrnlii, however, has not been demonstrated in the blood 
Formerly one of the two organisms which may cause rat bite fever was included here 
in the genus Spirochaeta (Spirocfueta mo'tut-vtuns) Tins organism differs morphologi 
tally from other members of the group in the rigidity of its spirals Unlike other spiro- 
chetes it possesses one or more flagella, and its motility resembles that of the \ibnos. On 
this account llcrgry consideri that it should be placed in the genu* Spirillum (Spirillum 
mmut) Rat bite fever, however, whether due to a urcptobacillus or a spirillum, rciem 
Wes cither spirochetal infection! clinically 

home investigators have dc*cn!>cd granular forms which they believe represent a stage 
in the hfc cycle of the spirochete* A filtrate containing such forms has been shown to 
tic infective, hut inasmuch ai many »l ihr flexible spiral forms may also work iheif war 
through bacterial filters, the assumption that the granules arc a phase in the hfc cycle 
n not thereby proved 

Multiplication of the spirochete* is now known to he b> transverse fission, as in the 
<a*e of ordinary bacteria, ansi not l-v longitudinal fiction at uat formerly believed 

Spirochetes Causing Relapsing Fevers 
Relapsing fever tv an arthropod borne, spirochetal infection which is v.«ld) 
dmnhutctf throughout Africa, India, ami eastern Furojvean countries Widespread 
epidemics have occurred »n many other countries including the I’rwnJ StaJrs Tlic 
disease i» charjeterieed by a ibott febrile period {4 to 10 djvs) which begins and 
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ends abruptly and is usually followed after a week or two by a similar but milder 
paroxysm. In the African “tick fever*’ there may be as many as 10 such relapses, 
whereas in the European type of the disease there are rarely more than two or 
three. With each relapse there is a fresh invasion of spirochetes into the blood 
stream, where they persist until shortly be- 
fore the crisis. During the remissions the 
organisms practically disappear from the 
peripheral blood, but they may be found in 
large numbers in the hyperplastic spleen in 
which they are apparently harbored. 

There is no significant clinical difference in 
the disease as it occurs in the various countries- 
In some regions, however, it is spread by in- 
fected lice, and in others by infected ticks Both 
louse-borne and tick-borne cases have been re- 
ported from the same region m South America 
It has been shown that the spirochetes responsi- 
ble can live in the bodies of bedbugs, and it is 
quite possible that these insects may also act as 
vectors. 

The spirochetes causing relapsing fever have 
been differentiated into several more or less distinct types or species, of which the more 
clear-cut are B recurrentis causing the (louse-borne) European disease, and B. dultomi 
causing African tick fever. Morphologically similar organisms are responsible for various 
arthropod-borne blood infections in fowls, cattle, and other animals. 



Borreha recurrentis from blood of a 
man with relapsing fever. IKollc and Was- 
sermann ) 


Borrelia Recurrentis ( Spirillum obermcicri) ( Obermcier , 1873). This is the 
cause of the relapsing fever occurring in eastern Europe, and some investigators be- 
lieve that it is identical with the spirochete responsible for the disease in India, 
and in Egypt and the northern part of Africa. 

Transmission. The European infections are transmitted from one individual to 
another by lice. After an infected person is bitten by a louse, the spirochetes, which 
are taken into the alimentary tract of the louse, disappear within a few hours The 
insect is apparently harmless for the succeeding four or five days. At the end of 
this time spirochetes reappear in the celomic fluid of the louse, which then re- 
mains infectious for two or three weeks. It is probable that organisms may he 
present also in the excreta through which the bite wound may be contaminated- 
Nicolle and others were able to produce relapsing fever in animals by rubbing 
their abraded skin with an emulsion of crushed, infected lice after having shown 
that infection was not produced by the bites of the lice or by the injection o 
their feces, ft is generally accepted, however, that the disease in man is caused by 
contamination of a bite wound or a scratch by the material from a crushed l° us ^ 
or by its feces. It is believed that a reservoir of infection exists in certain sfn ' ) 1 
rodents. 


Morphology. The organisms are variable in size, but average from 10 to 20/* X /*■ 
They are flexible, and have from 4 to 10 open, irregular coils. They have an acuve cor ^ 
screw motility in fresh-blood preparations They are easily stained by the usual bacteria 
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stains and by the Romanowsky blood stains, as well as by si]v er-imprcgnation methods. 
Individual organisms may have a beaded appearance, although a majority of them stain 
uniformly. 

Cultivation. Noguchi succeeded in obtaining cultures of Borreha rccurrentis by using 
a medium containing agar, ascitic fluid, or blood, and a bit of fresh, sterile tissue, and 
incubating the inoculated medium anaerobically Cultures have since been obtained in 
media enriched with scrum or blood without the addition of fresh tissue. B. duttontt has 
been cultivated in the chick embryo 

Animsl Inoculation Monkeys, mice, and rats can be infected by subcutaneous inocu- 
lation. The disease produced resembles the human infection, and the spirochetes arc 
demonstrable in large numbers in the blood during the febrile period. Guinea pigs arc 
resistant to infection. 

Immunity With recovery from the disease due to Borreha recurrentu a transient im- 
munity develops, and the patient’s serum acquires the ability to protect animals from 
subsequent inoculation. Bactericidal and agglutinating antibodies can be demonstrated. 
Relapses are frequent but arc ordinarily less severe than the original attack, and may be 
explained by an inadequate formation of antibodies The more resistant spirochetes 
survive and multiply, and again invade the blood stream. With each relapse the immunity 
is “stepped up” until recovery is complete Phase variation of Borreha may explain the 
relapses and eventual recovery from the disease These spirochetes have been found in the 
blood of symptomless individuals, and such persons may be markedly responsible for 
the dissemination of the disease 

Laboratory Diagnosis or Relapsing Fever- During the febrile phase of the 
disease the spirochetes may be demonstrated in films of the blood stained by one 
of the ordinary Romanowsky stains, or by dilute carbolfuchsm. They may be seen 
in fresh preparations examined by darkficld illumination. They are sometimes 
found in the blood during the afebrile period. If they are not numerous, thick 
films should be prepared. If they arc not found in smears, a mouse should be inocu- 
lated with the blood. Within 24 or 48 hours the spirochetes can be found in the 
blood of the mouse, if they were present in the inoculum. Tor demonstrating them 
in tissue sections, silver-impregnation methods arc used. There is usually a well- 
marked pol>morphonuclear leukocytosis in acute cases. The use of darkficld mi- 
iroseopy for diagnosis of spirochetal infections cannot be overemphasized. Stain- 
ing technics arc likely to alter the organism in such a way as to cause confusion. 

Dorrclia Duttonii. Tins spirochete is the etiologic agent of the relapsing fever 
prevalent in the western, eastern, and central regions of Africa (African tick fever). 
It is practically indistinguishable from the Borreha rccurrentis morphologically, but 
it ts believed to be a different species. It is transmitted from one individual to 
another by a tick ( Omsihodorus moubata) and possibly, in some cases, by other 
arthropods. 

Spin* heirs are found in die coxal fluid and feces of the lick, and human infection 
»$ caused h> contamination of the nek bite by these excreta. Hie organisms have alto 
been found within the eggs of infected licks, in the nvmphs, and even in the third genera 
n«n Irishman describes a breaking up of (he spirochetes in the a'lmcnfary tract of the 
mV into small granules winch penc irate the Malpighian tubules and ibe os ary He re 
girdrd these granules as die infecting agents, and suggested that they represent a phase 
in die hfe cycle of the spirochete. However, according In Wenynn, this hypothesis las n«->t 
l*cen definitely substantiated. 
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African tick fever is similar to the louse-borne European relapsing fever in its 
clinical manifestations, but multiple relapses are more frequent. The diagnosis is 
established in the same way. Borrelia duttomi is more virulent for experimental 
animals than is Borrelia i ectin entts. 

Borrelia Novyi. This organism, found in relapsing fever cases in North 
America, has been differentiated from other responsible organisms by immunologic 
reactions. It is apparently transmitted by lice. 



Borrelia novyi. (Todd.) 


Other Spirochetes Responsible for Relapsing Fever. Other varieties of spirochetes 
have been described — B carter i m the Indian relapsing fever; B berbera in Egyptian and 
North African cases, B persica in Persia and B babylonensis (Brumpt) in Mesopotamia 
These are not sharply differentiated from other types, however, and it is questionable 
whether they actually represent separate species. 

A relapsing fever has been reported from Texas transmitted by Ormthodorus turicata 
This tick inhabits certain caves which harbor various animals Francis (1938) showed 
that these ticks survived and transmitted the infection after starvation for five years A 
similar infection in California is transmitted by O hermsi. and in British Columbia a 
Dermacentor is supposed to be concerned Cases are, however, widely distributed through- 
out the west and with a variety of vectors Brumpt notes the high degree of hereditary 
transmission in these ticks, and again suggests that these blood spirochete's may have 
been commensals for invertebrates in primitive periods, later infecting vertebrates 

Spirochetes Associated with Fusiform Bacilli 

Borrelia Vincentii and Fusobacterium Plauti-vincenti. These organisms are 
found in small numbers m the mouths of most healthy adults, particularly around 
the gingival margins and in the tonsillar crypts. They are very numerous in the 
pseudomembranous ulcerative inflammations known as Vincent’s angina and 
Vincent’s stomatitis, and may complicate other types of ulceration, such as diph- 
theria, syphilis, or carcinoma. 

They are practically always found together, but it is not yet definitely known whether 
their association is a symbiosis, or whether they represent different forms of the same 
organisms Some investigators (Tunmcliff, Smith (1932), sjnd others) have observe an 
apparent transformation from one type into another in cultures, while others have ai e 
to do so and believe that these two organisms represent distinct species. It is convcnien , 
however, since they are so closely associated in the lesions, to consider them toget cr. 
Both are obligate anaerobes, and can be grown on enriched artificial media. Cu ture 
have a fetid odor. , .. 

Borrelia vincentii is a slender, delicate spirochete with a variable number or sha 
and regular undulations In darkfield preparations from a lesion it is acUvely motJ e. 
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swifts readily with any of the sihet-ttnpregnstton methods (Fontana's stain), and kh!i 
G iemsa's stain, but may also be demonstrated by slightly mfritaining with dilute cat-bob 
fuchvm (t toS) or Locflfcr's methylene blue 

VurobacUrwnx flmlt-tmeentt is a coarse, plump fusiform rod. It is usually from 5 to 7p 
»tt length, but individual organisms may varv beyond these limits m the same preparation 
They may be straight or slightly cursed, and the ends taper to a sharp or dull point In 
stained preparations the bacjllt ate characteristically headed or banded They can be 
demonstrated utth the ordinary bacterial i taint, and arc generally Gram-negaCisc. They 
base bcefi described as nonmotile, but in some 
types a definite and even active motility itJr 
been observed. 

Classification of Spirochetes and Fusiform 
bacilli Found in Mouth. Attempts have been 
made by various tmcsisgstort to differentiate 
the spirochetes found in the mouth, but their 
relationships arc still confused Noguchi de- 
scribed and cultivated types which he designated 
os Treponema mscrodentium, T mucosum, ami 
T. macrodcnitum, but there is some doubt as 
to the existence o( the last two as independent 
species Only three types of oral spirochetes can 
be recognized with accuracy on a morphologic 
basis, namely, the small oral Treponemas, Dor- 
reha ten cento, and Rorrrhj buccoht These oral 
spirochrtes, when observed in the living state Oral spimehetes A smear from a case of 
by darfcficld illumination, present sufficient dif Vincent's angina (Cophn ) 

frrcnccs to be distinguished and identified 

fltampp, 1945) Recent atlempts to classify oral spcrocnetes by serologic method* show 
promise of obtaining a classification on firmer grounds (Hampp, 134C. Wichelhauscn. 

vm) 

('omiderakle study has been given ro (he f tin form bacdJi in recent year* On the basis 
of agglutination tesis with IS pure strains, Varney <1927) described 4 types and 2 sub 
t»po Smnh <1932) described J types on morphologic appearance Sianecz and Rettger 
(J9G) divided 51 pure strains into 4 types on morphologic, cultural, and fermentative 
grounds lime and berry (f 137) on a similar basis, separated 104 pure strains into 3 
types r iitobactenum nuclratim, f polymorphiim anil F Jcnttnm The relation of the 
Opes in iheie classifications to each other is shown Ixdow 

/' rt«clcj(rttu /• poly m orphan f d minim 

Vjrnf) HI I and 1 1 IV 

Smith l» 11 1 

MantU and Rettger l II Iff and IV 

Other discussion of tlie genus f u/otai trnurn is found in Chapter 5, p 14'. 

fusospsrochetom. Since slit original description by Vincent of spirochetes and fusiform 
bacilli in cases of hoipiul gangrene, they ha»c been found in a variety of pathologic 
condition! associated with putrid inflammatory uhmuon The commonest sues arc 
around the gums, tonsils, and mucous membrane ol the mouth In these atcas, lesions 
caused by these orgitmtns may be confused with diphtheritic, syphilitic, or eatemooutous 
wkrralu.ns, or spirochetes ami fmifofm bacilli may be prevent as secondary invaders in 
she sc uhertuis conditions infevtion may cstend from the mouth and ihron into the 
surrounding liuoct, causing csuniivc nrm><ik or into the middle ear, larynx, trade*. 
*tul bronchi. 1-csv Irfipiendv an? of the oihrt mucous nscmNancs may l>e intuited — 
eiopfugus. colon, appcndi t, and recii.m Hie external pen-.iah may be rhe site of fuuv 
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Borreha uncentn. (X 1400.) Darkfield and stained smear of a pure culture. (Hampp.) 


spirochetal ulcerations, either as a primary infection, or secondary to syphilitic or 
chancroidal lesions. Deep phagedenic ulcers may result. Postoperative and other skin 
wounds may become infected Many cases of tropical ulcer fall into this category. Finally 
the bronchi and lungs may be affected, with the development of a putrid bronchitis or 
bronchopneumonia (particularly postoperative) which is often followed by abscess and 
gangrene In these cases the organisms can be found in the sputum and their early 
recognition is imperative since without appropriate therapy the mortality is high— 10 per 
cent according to Kline and Berger. These organisms are frequently found in pyorrheal 
pockets, and although they have no direct causal relationship to the condition, they 
undoubtedly aggravate it Such areas when neglected have been aptly termed "anaerobic 
incubators " Spirochetes and fusiform bacilli practically always disappear from the mouth 
after extraction of all the teeth. 

The ulcers on section consist of three distinct layers. The superficial layer contains 
necrotic cellular material and masses of mouth bacteria with varying numbers of spiro- 
chetes and fusiform bacilli. Below this is a layer of acutely inflamed tissue in which 
the fusiform bacilli predominate. The deep layer contains masses of spirochetes which 
appear to be the actively invasive agents Streptococci usually are demonstrable through- 
out the lesion. There is little or no leukocytic infiltration 

Pathogenicity of Organisms Responsibie The role which spirochetes and fusiform 
bacilli play in the production of Vincent’s infection is not entirely clear. Practically always 
other bacteria are found associated with them, and whether they are the primary cdohgic 



Tusobactcrium plouti-vincenti. Pure culture 


agent or whether they are present as sec- 
ondary invaders is disputed. Kntchevsky and 
Seguin believe them to be primary, and have 
produced local abscesses in animals and oc- 
casionally a generalized spirochetosis by the 
injection of pure cultures of spirochetes ano 
fusiform bacilli. When either alone was in- 
jected, no lesions were produced The inva- 
sion of pyogenic cocci was believed to be a 
secondary phenomenon. Smith (1932), how- 
ever, believes that other anaerobic organisms, 
especially streptococci and vibrios, are also 
concerned in the infection He was unable 
to produce lesions with cultures of any 


in yougias brotn, S days old. itaineu wuit -- —e— *•*•»*■» ' .l - 

gentian violet. (X IQ<30.) (From [. Bact., 34: Cures of all of them. He has also shown ui 
532.) identity of the organisms from oral ano 



SPIROCHETES 


157 



ricuron microscope photograph of a »mj!l mouth Tufonem j (X 16,000) (Hampp and 
WjclofI > 


from pulmonary lesions Ily iniratracheal injection into rabbits hr produced typical lung 
abscess or gangrene both with sputum from human cases and ssitli membrane from cases 
of Vincent's angina 

Lscorstoxs Di«.mw$ Tins slcpend* upon the demonstration of the spirochetes 
and fusiform bacilli m stained smears or by darkfield illumination in perfectly 
fresh material. If possible the membrane should be remosed and preparations made 
from the depths of the ulcer The fact that these microorganisms are present in 
smill numbers in the mouths of many healthy indisuluals must he rnncml*crc«l in 
interpreting the findings, and oilier pathologic conditions to uhich they may he 
secondary should he excluded Sputum must l»c examined when fresh, since the 
spirochetes may he autolyrcd within an hour or two The peculiar sickening, 
slightly sweetish odor to the breath in infections of the mouth ami lungs mas 
suggest the cliologie factors In fusnspirochciosis there is no increase in the granu 
lar leukocste* in the blood, and there is occasionally a marked lymphocytosis 

Leptospira 

Leptospira Ictcrohaemorrhagiae. Tim organism is il.r iyj>c species r»f the 
genus first described by Noguchi IT.esc organisms arc not so dit- 
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Borreha vmcentn. (X MOO.) Darkfield and stained smear of a pure culture. (Hampp.) 


spirochetal ulcerations, either as a primary infection, or secondary to syphilitic or 
chancroidal lesions. Deep phagedenic ulcers may result. Postoperative and other skin 
wounds may become infected. Many cases of tropical ulcer fall into this category. Finally 
the bronchi and lungs may be affected, with the development of a putrid bronchitis or 
bronchopneumonia (particularly postoperative) which is often followed by abscess and 
gangrene In these cases the organisms can be found in the sputum and their early 
recognition is imperative since without appropriate therapy the mortality is high 10 P« 
cent according to Kline and Berger. These organisms arc frequently found in pjorrheal 
pockets, and although they have no direct causal relationship to the condition, they 
undoubtedly aggravate it. Such areas when neglected have been aptly termed “anaerobic 
incubators.*’ Spirochetes and fusiform bacilli practically always disappear from the mou 
after extraction of all the teeth. 

The ulcers on section consist of three distinct layers. The superficial layer contains 
necrouc cellular material and masses of mouth bacteria with varying numbers of spiro- 
chetes and fusiform bacilli. Below this is a layer of acutely inflamed tissue in 
the fusiform bacilli predominate. The deep layer contains masses of spirochetes which 
appear to be the actively invasive agents Streptococci usually arc demonstrable throng - 
out the lesion There is little or no leukocytic infiltration. 

Pathogenicity of Organisms Responsibie. The role which spirochetes and fusifor 
bacilli play in the production of Vincent’s infection is not entirely clear Practically always 
other bacteria are found associated with them, and whether they are the primary etioogi 
agent or whether they are present as se - 
ondary invaders is disputed. Kritchevsky an 
Seguin believe them to be primary, and ha' c 
produced local abscesses in animals an oc- 
casionally a generalized spirochetosis by t * 
injection of pure cultures of spirochetes a 
fusiform bacilli. When either alone was in- 
jected, no lesions were produced. The inva 
sion of pyogenic cocci was believed jo ca 
secondary phenomenon. Smith (19-32), ovv 
ever, believes that other anaerobic organisms 
especially streptococci and vibrios, are a so 
concerned in the infection He was una 

_ . , . _ , to produce lesions with cultures of any o 

Fusobactermm plant i-nncenu Pure cuituie 1 Kut onlv with Bi“' 

in Douglas’ broth! 3 days old. Sunned wnh *e organ sms cparatdybutoniyw 
ge» J ,»!«. (X 1000 ) (f™, E.c,„ 34: tur« of M of them He M 

532 ) identity of the organisms from orai 


/ 






158 


BACTERIOLOGY 


tincriy blood parasites as arc those of the relapsing fevers, but are intermediate be- 
tween them and the true tissue spirochetes. L. ic tero haem o rrh agiae is the cause of 
infectious jaundice (Weil’s disease). The organism was first described by a group 
of investigators in Japan, where the disease is prevalent and severe. During World 
War J and World War II the organism was found in epidemics of the disease 
among the soldiers. These European strains were immunologlcally identical with 
those from Japan. 

In some cases of a disease of dogs known as “canicola fever” an organism hat 
been found which resembles Leptospira icterohaemorrhagiae, but which may be 
differentiated from it by various methods. 

Symptoms of Infection ( Infectious Jaundice') ( Wed's Disease). The clinical picture 
of Weil’s disease is not unlike that of yellow fever, in spite of the difference in the 
dialogic agent and in the transmission of the two diseases. The onset of symptoms is 
abrupt after an incubation period of 7 to 13 days, with rigors, fever, headache, vomiting, 
and muscle pains. The conjunctivae are hyperemic. Albuminuria is present. After from 
three fo six days jaundice appears in 50 to 60 per cent of the cases, with enlargement of 
the liver and spleen, and a tendency to hemorrhages into the skin or mucous mern- 
branes. There may be symptoms of meningeal irritation or encephalitis. In the pre-ictenc 
period the Leptospira arc practically always present m the blood, but they disappear 
rapidly in the icteric stage. At this time antibodies make their appearance in the blood. 
The organisms are \cry numerous m the liver and in the kidneys; and in the latter organ 
they may persist for weeks after convalescence, during which time they are excreted in 
the urme James H. Hutchison and colleagues (1946) reported the study of 1 7 proved 
cases (six fatal). The infection was among soldiers bathing in the River Arno during the 
summer of 1944. In all cases the onset was sudden with prostration, severe headache, and 
general muscular aching and stiffness Icterus developed between the eighth and thirteenth 
days Petechiac of the skin and mucous membranes were invariably found. Oliguria ap- 
peared at about the time of the onset of jaundice Casts and red blood cells were com- 
mon in the urine. fo the fatal cases, postmortem examination showed marked renal 
changes similar to those following a hcmoly» JC transfusion reaction There was no nectosis 
nor degeneration of the liver cells. Canola fever resembles Weil’s disease clinically 
except that there is little or no jaundice. 

The average mortality in clinically ^ unspoken cases of Wed’s disease is said to be about 
20 per cent However, studies of Bn t,sh workmen in occupations which involve frequenl 
exposure to infection (sewer work erSt miners, butchers) have shown positive serologic 
reactions in 25 per cent of such fieopfe and indicate that mild or subcliflical infections 
must be relatively common. 

Transmission. The infection, occurs naturally in a high percentage of rats »n 
various parts of the world, ev<:n in regions in which human infection is rare. The 
rat apparently remains healthy, but the organisms are demonstrable m the kidneys 
and are excreted in the urme. Field mice have been found to be infected, and ( c 
organisms can be kept for long periods in living mice, but the natural reservoir 
of the organisms is the rat. Dogs arc naturally infected with L. kterohaeniorr <? 
gi'ffe as well as with L. canicola. Man is secondarily infected by contact with soi or 
food which is contaminated by the urine of affected rats. It has been demon 
strated that the Leptospira can penetrate the skin even when there are no ap 
parent abrasions, and it is believed by many that this is the usual atrium o m 
fection. It is a recognized fact that the disease is particularly prevalent ,n % c 
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areas, and ft has been suggested that a water-sodden shin facilitates penetration by 
the Leptospira. They have been shown to survive in moist soil or stagnant water 
for as Jong as three months. Infection may also occur through the digestive tract, 
however, and Inada believes that thts is the usual way 


Morphology The l^eptosptra icterofiaemorrfiagtae vary considerably in s» 2 e— 6 to 
(even 4 to 20^) X 025ft Noguchi showed that the threadlike body of the organism is 
made up of a large number of minute, tightly coiled elementary spirals There are often 
several coarse, irregular undulations of the body, and one or both of the ends frequently 
show a characteristic hook There are no terminal flagella Propulsion seems to occur 
by a rotary motion on the long axis and by undulations. When only one end n hooked, 
progression is in the direction of the straight end. It is best seen by darkfield illumination, 
but can be demonstrated with Giemsa’s stain or by one of the silver-impregnation 
methods 

CcinviTiov These organisms can be cultivated on a variety of media whose essentials 
are a slightly alkaline reaction and a supply of name protein. 

The Leptospira is able to pass through the ordinary types of Berkefeld filters (N, V, 
W) Jnada has obtained filtrates in which no spirochetal forms were demonstrable, bur 
which were infective for guinea pigs He believes, therefore, that there may be a viable, 
granular form. 


: .->- 


Animal Inoculation. Youtig guinea pigs are particularly susceptible to Weil’s 
disease, and die within 10 or 12 days with characteristic pathologic lesions. The 
tissues are bile-statncd, and the pleural and peritoneal surfaces arc dotted with 
hemorrhages. The liver is enlarged and is teeming with organisms which are 
easily visible in a darkfield preparation. 

The virulence of this Leptospira is easily 
lost. 

Immunity from Infection. By the end 
of the first week of the disease antibodies 
become demonstrable, and with their de- 
velopment there is a decrease m the num- 
ber of organisms in the body Convales- 
cent sera will protect guinea pigs from 
an otherwise fatal dose of the Lepto- 
spira. The immune scrum contains lysms 
which cause a breaking up of the or- 
ganisms in the animal body (Pfeiffer's 
phenomenon), and in vitro. 

Laboratory Diagnosis. The L. iciero- 
hacmorrhagtac are present m the blood 
only during the first few days of illness. 

The organisms may possibly be seen m 
fresh preparations by darkfield illumina- 
tion but it is usually necessary to inoculate a guinea pig (3 to 5 ml of blood 
intrapcntoncally) in order to demonstrate them. After the animal dies they can 
always be found m large numbers m 3tt emulsion of the liter 

After the first week of the disease they should be searched for m the urine. 


U^ 'rXJ0 ' 
V"' '-A" 


Ltpiospira iiterahiicmorrhagiae, prepared 
by »>hcr impregnation The lighlt) wound 
spirals may be seen on close inspection 
(From Ga>. “Agents of Di«easc and Host 
Resistance,'' Courtesy, Charles C Thomas, 
Spnngfiehi, HI ) 
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The centrifuged sediment can be examined directly, but this is not recommended, 
and by guinea pig inoculation. Inada has found that in practically all cases of the 
disease organisms appear in the unne by the twentieth day. If cultures of the or- 
ganism are available the presence of antibodies in the serum may be tested by 
agglutination or protection tests or by the Pfeiffer reaction. 

The agglutination test of Schuffner and Mochtar is the simplest method of establishing 
a diagnosis Agglutinins appear m about 8 to 10 days following the onset of illness and 
may develop titers of I . 300,000 or more. See p 287. 

The cerebrospinal fluid shows minor nonspecific abnormalities in a majority of the out- 
spoken cases (86 per cent of 92 cases examined or collected by Cargill and Beeson, 1947), 
regardless of the presence of symptoms of meningeal irritation, These were a slight to 
moderate increase in cells and, less regularly, in protein, and xanthochromia if jaundice 
was present. The color appeared sooner and in much greater intensity than in patients 
with corresponding degrees of jaundice due to obstruction. 

Skeletal muscles (biopsy) may show changes which are regarded as characteristic (Shel- 
don, 1945) but not proved to be specific. These consist of focal areas in individual muscle 
fibers in which there are vacuole formation, loss of striation, hyaline necrosis, and later 
repair with proliferation of sarcoblasts. There was rarely hemorrhage and relatively little 
inflammatory reaction or fibrosis. 

Vaccination and -Serum Treatment. In Japan prophylactic vaccination with killed 
organisms has been tried with apparently good results. Immune sera have been obtained 
from horses and used in treatment. The results arc said to be favorable if the serum is 
administered early in the disease After the jaundice has appeared, however, serum 
treatment seems to have little or no effect Recently it has been shown that penicillin is 
suitable for treatment, but that its value is limited if treatment is not begun until jaun- 
dice is established 

Leptospira Hebdomadis. This organism is the cause of seven day fever, a disease which 
occurs in parts of Japan and resembles a mild attack of Wed’s disease. The organism 
cannot be distinguished morphologically from that of Weil’s disease, but Ido, Ito, and 
Warn were able to differentiate it by cross-protection tests and by the Pfeiffer phenome- 
non. They found that the organism was carried by field mice and transmitted to man 
by contamination of the soil with the urine of the infected animals ft is only feebly 
pathogenic for animals. 

Leptospira Autumnalis. Similar organisms have been found in cases of the disease 
known as "autumn fever’’ in Japan Koshma, Shiozawa, and Kitayama have differentiated 
two species by their serologic reactions. One was found to be identical with L hebdo- 
madts The other, L autumnalis. was more virulent and resembled the L ictcro- 
haemorrhagiae, but did not correspond to either serologically 

Spirillum Minus 

Rat-bite Fever Due to Spirillum Minus. Rat-bite fever is a term used to de- 
scribe a specific clinical disease caused by the bite of a rat or other infected anima . 
The disease is due to either Spirillum minus or Streptobacillus moniliformis- A 
though certain differences in the clinical aspects of the two forms of the disease 
have been reported, it is only by demonstration of the causative organism t 
diagnosis can be accurately made. The infection caused by Streptobacillus mom < 
formts is discussed in Chapter 5 (p. 147). _ , 

Futaki and his colleagues (1916) first demonstrated Spirillum minus as one o 
the causes of rat-bite fever. 
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A week or two after the bite of an infected rat, fever develops which is re- 
lapsing in type and may continue for long periods. The site of the bite becomes 
inflamed, and the regional lymph nodes enlarge. After a few days a maculopapular 
rash appears which tends to recur with succeeding paroxysms of fever. Organisms 
are present in the local lesion and the adjacent lymph nodes, and occasionally in 
the blood in the acute stage The disease is prevalent in Japan, and occasional cases 
have been reported from many countries including the United States. 

In a carefully studied case attributed to cat-bite, Swyer reports that there were 
several relapses, in the second of which mice were inoculated and the presence 
of Sp. minus was established At this time the patient was given neoarsphenamine 
but this drug failed to prevent severe recurrences. Following penicillin therapy, 
complete recovery took place The manifestations at the site of the cat-bite were 
insignificant and there was no lymphangitis. Swelling of axillary and cpitrochlear 
gland ensued. Marked myositis occurred and did not disappear until the penicillin 
was given. 

Transmission. In an infected rat the organisms arc found in the connective tissue, 
particularly around the lips, tongue, and nose They have not been found in the sain a, 
and the transfer of infection by the bite appears to depend upon the existence of some 
break in the mucous membrane around the mouth Mooser, working with experimental 
animals, has noted the frequent occurrence of infections in the eye and was able to find 
organisms in the conjunctival secretion He suggests that this may be the source of the 
infection transmitted by the bite Richter (1945) recorded 65 rat-bite wounds treated at 
Johns Hopkins Hospital from 1939 to 1943 Of the persons bitten 10.7 per cent developed 
rat bite fever Swyer (1945) notes that in England cat-bite rather than rat-bite is the 
more common cause of infection 

Morphology. The organisms are extremely variable in size Most of them range from 
2 to 5fi X about 0 2p, but much longer forms are occasionally seen. The coils vary in 
number depending upon the length of the organism, and are uniformly spaced so that 
their crests are approximately 1^ apart The body is relatively rigid, and one or more 
flagella are present at each pole The organisms can be stained readily with the usual 
aniline dyes, or by one of the Romanowsky blood stains Silver-impregnation methods 
arc used to demonstrate them in the tissues The motility observed in darkfield prepara- 
tions is unlike that of Leptospira, and resembles the rapid, darting movements of the 
vibrios The organism remains rigid and is apparently propelled by the flagella 

Culture. Futaki believed that he obtained growth of the organism in special media, 
but others have not been successful 

Immunity. Ido, Warn, and Okuda demonstrated the presence of bacteriolytic anti- 
bodies in the scrum of convalescents 

Laboratory Diagnosis. Diagnosis of rat-bite fever due to Sp. minus depends 
upon the demonstration of the organism at the site of the bite or in material 
aspirated from a regional lymph node. Occasionally the organisms may be found 
in the blood in early cases Rarely they may be seen in smears from the material, 
but they arc more readity demonstrated by animal inoculation. Guinea pigs arc 
susceptible and usually succumb to the infection The organisms can be demon- 
strated in the btood without difficulty. Rats and mice arc also susceptible, but the 
blood invasion is transient, and they rarely, if ever, die from the infection. 
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Treponema* 

Treponema Infections ( Treponemiases ). Treponema infections are sometimes 
referred to as treponematoses but the term ‘‘treponemiases’’ is preferable. Three 
treponema diseases, exclusively affecting man, are among the most important of 
human infections: syphilis, of world-wide distribution; yaws, almost entirely 
confined to the tropical belt; and pinta, a very important disease of Mexico, Cen- 
tral America, and northern South America. In Mexico II per cent of 2,500,000 
persons examined had pinta (carate). 

Historical Data. There seems to be satisfactory evidence that pinta existed 
among the A 2 tecs at the time of Cortez — letters having been written to the 
Spanish king referring to the prevalence of a disease considered as leprosy; 
the natives called those affected “carates.” The need of hospitals for such pa- 
tients was emphasized. The vitiliginous spots very occasionally reported as evi- 
dence of pinta in persons from the United States and from Africa should, probably, 
be attributed to yaws or syphilis. 

As regards yaws there is every evidence that this was a common disease of 
African slaves. It was brought to Europe by the Portuguese 50 years before Co- 
lumbus discovered the New World and to America by African slaves, imported 
into Hispaniola in 1502 to replace the fast-vanishing native Arawaks. In a book 
on North Carolina, written by Bricked in 1737, descriptions of yaws in slave 
women are given, and note is made of the transfer of this disease to white men, 
causing many of them to lose their noses. About the same time, Colonel William 
Byrd, in the Westover Manuscripts, reported a disease, which caused undermining 
of the foundations of the nose, as being common among white men on the 
southern side of the North Carolina-Virginta boundary line. 

Our greatest American medical historian, Garrison, devotes almost four pages 
to the origin of syphilis, and accepts the views of Sudhoff that syphilis prevailed 
in Europe before 1492. Much emphasis has been placed on the findings of 
syphilitic bones in American Indian burial mounds. Ales Hrdlicka, the great 
anthropologist, in an article on the diseases of the Indians (1932) states: “Not- 
withstanding some claims to the contrary, there is as yet not a single instance of 
thoroughly authenticated pre-Columbian bone syphilis.” Quite recently an eminent 
historian, Samual E. Morison, stated that he has thoroughly examined the records 
of the voyages of Columbus and has found no entry in the logs of the various 
ships of the first and second voyages relative to the existence of any such disease 
as syphilis occurring in the companions of Columbus. He stated that while this 
is only negative evidence, yet it is so emphatically negative as to require con 
sideration. The proponents of the New World origin of the disease make muc 
of the syphilis of the Pinzon brothers, particularly Vincent! Pinzon, pilot of the 
Nina, the ship on which Columbus returned to Palos. Notwithstanding evidence 
submitted by other authorities, Morison expresses the belief that syphilis vyas 
introduced into Europe by women aborigines brought to Spain from America 
on Columbus’s second voyage. 

on * ‘Treponema” <pp. 162-167) was written by Rear Admiral E. R Stitt. 


•This section 
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It would seem that we may consider pinta as originating in America, yaws in 
Africa or, possibly, in the East Indies and the Polynesian-Melanesian Islands, and 
syphilis as an Old-World disease steadily advancing and, as considered by Lambert, 
conquering the yaws spirochete when introduced and thoroughly established in 
an area 

Immunity to Syphilis. The experiences of American physicians in Guam, and 
of the British in Fiji, evince the fact that a previous attack of yaws, particularly in 
childhood, confers immunity to syphilis. A report by the medical officer at Guam, 
in 1939, states that no case of syphilis among native women prostitutes has been 
found, notwithstanding the abundance of gonorrheal infections in such women. 
Nichols and Daniels, from the Fiji Islands, state that syphilis is unknown among 
the Fijians, although ample opportunity existed to contract it from the Europeans 
and Hindus Turner found that rabbits inoculated intratesticularly with T. palli- 
dum, T. pertentie, and T. cumculi (the cause of a venereal disease in rabbits) and, 
six months later, with heterologous strains, gave evidence of immunity. The 
homologous-strain experiments showed a higher immunity. 

Pathology. Generally considered, in human beings all three treponemiases start 
as a papule. The papule of syphilis, by reason of the change produced in relation 
to the blood vessels of the corium, tends to bring about necrosis of overlying parts 
and, later, ulceration. The papule of yaws develops rapidly into a granulomatous 
lesion (frambesioma) through hyperplasia of the cells of the Malpighian layer, 
giving a lobulated, elevated growth. The papule of pinta tends to flatten out, giv- 
ing a leaden-blue spot (pintid), which eventually loses color and, in the terminal 
stages, is white. The striking change in the pintid is due to the tremendous dis- 
turbance of the pigment-bearing cells which tend to leave the basal-cell layer, at 
the bottom of the epithelial layers, to invade the overlying epithelium and, also, 
to penetrate the superficial corium There is a tendency for the pigment cells 
invading the corium to form a barricade-like layer. Atrophy and absence of 
pigment characterize the histologic structure of the white pintid. 

The similar mutilating lesions attending the late stages of yaws and syphilis arc 
regarded as of allergic nature. Chcsney emphasizes t.ie lymphocytic and monocytic 
tellular response to syphilitic infections, rather than the polymorphonuclear in- 
vasion of other infections. Stokes points out that vascular localization is almost 
a tropism of the syphilitic spirochete, and most histologists have reported peri- 
thehal cellular accumulations which obstruct the lumen of the blood vessels of 
the corium 

Selective Localization op Treponemas. In 1907, Schuflner reported that in 
Levaditi-stained sections of yaws’ lesions the treponemas were to be found In 
the epithelium and not in the corium, where they arc found in syphilitic lesions. 
Marshall, in the Philippines, shortly afterward confirmed this finding and em- 
phasized the presence of the treponemas in the superficial part of the papillae as 
well as in the interpapillary down-growth of the Malpighian cells (intcrpapillary 
pegs). Goodpasture (1923) made a careful study of the location of the treponemas 
in yaws, and noted their earliest appearance in the superficial layers of the 
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Sibbens. The syphilis-like disease first appearing during Cromwells invasion 
of Scotland was given the name “sibbens” (Scotch for “wild raspberry’’). Its 
prevalence was greatest aroond 1725, but it continued in the Highlands until 
1840. It resembled a severe form of syphilis lending toward ulceration of the 
throat and palate. It was supposed to be transmitted through the common use of 
pipes and spoons as well as through sexual intercourse and skin contact. Physicians 
who had practiced in the Tropics maintained that the disease resembled yaws. 

Radesyge. This disease was reported as occurring first tn Norway and Sweden 
in about 1720. The descriptions of the clinical manifestations would indicate 
that there was a confusion of several diseases — yaws, syphilis, lupus, scabies, and 
leprosy. Both sibbens and radesygc were spread not only by sexual intercourse 
but by skin contact and by eating and drinking from common receptacles. The 
early lesions, like those of bejel, appeared in the mouth and throat. Some ob- 
servers thought radesygc resembled yaws, except that the former tended to 
terminate fatally while yaws usually terminated favorably. 

Button Scurvy. Hirsch considered button scurvy as more nearly resembling yaws 
than did sibbens or radesygc. It prevailed in Ireland from 1823 to 1851. It was 
very contagious 3nd was especially prevalent in those who washed linen soiled 
by discharges from the sores. It was described as breaking out in nodules which 
grew into tumors varying from the size of a pea to that of a nut. The covering of 
the growth tended to be encrusted. There were lesions of the palms and of the 
inner surfaces of the arms and legs. There were also condylomas of the genital re- 
gion. Like yaws, button scurvy lasted many months but usually terminated with 
little effect on the general health 

Bejel. This disease, chiefly affecting the children of the desert Arabs in Syria, 
has been splendidly described by Hudson. A similar disease, reported by Mac- 
Queen (1934) as syphilis insontium, occurs in the desert Arabs of Palestine. 
Syphilis among primitive races shows itself preponderantly as a disease of children, 
as docs yaws. The most characteristic feature of bejel is the early appearance ot 
grayish patches on the buccal mucous membrane, followed by lesions of the genitals 
and circulate papular eruptions ol the trunk. Adults who contract the disease »w® 
children tend easily to develop the mutilating lesions of tertiary yaws rr syphilis- 
Infection seems to be through the wooden drinking bowl used in common 30 
from the prodigal practice of kissing. There is absence of circulatory and nervous 
symptoms and abortion due to bejel is rare. 

Syphilis, Yaws, or Pint a? 

Treponemas xvere first reported from a case of plantar hyperkeratosis in 
clinic of Braulio Saenz, in Havana, Cuba, in 1938. This type of case had for 
previously been diagnosed and treated as syphilitic hyperkeratosis. Moss a 
Bigelow (1922), in the adjoining island of Santo Domingo, had diagnosed sirm 
Iar cases as “Clavus,” a common plantar hyperkeratosis following yaws- 

Donald H. Baker, a medical missionary in the Belgian Congo, has report^ 
(1942) syphilis to affect the Negro tribe in the region of the hospital, only 1 P CI 
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cent of those under 30 years of age showing jaws lesions. A tribe 20 miles distant 
gives a 50 per cent incidence, while the Topokes tribe, still more distant from 
the hospital, shows only a rare case of syphilis but much yaws. This situation pre- 
sents an opportunity for a dermatologist, skilled in the pathologic technics of 
biopsies and sectioning, to study the conflict between T pallidum and T. pertenue. 
Subsequently such an expert on yaws-syphilis should study the pinta of Mexico 
or Colombia. 


Syphilis 

Treponema Pallidum. Schaudinn and Hoflmann, in 1905, first described this 
organism which they demonstrated in the primary lesion and in the swollen 
lymph nodes in syphilis. 

Morphology T pallidum is a slender, delicate spirochete ranging from 3 p to 15/i 
(ascrage 10/*) in length by about 0 3/4 in width, with tapering ends There are from 6 
to 12 relatively rigid, tightly coiled, small spirals regularly spaced about 1/t apart Many 
individuals show a bend in their long axis The organisms are best seen in darhficld 
preparations, in which they appear as silvery white coils which remain sharp and white 
when the focus is changed While in motion the spirals appear continuous, but when at 
rest they often present the appearance of a scries of silvery dots and dashes Progression 
is due primarily to a rotary movement with slight undulations, with some expansion and 
contraction of the coils Motility »« less active than that til most of the spirochetes This 
organism cannot be stained with the ordinary aniline dves, but is well demonstrated by 
prolonged immersion in Gtcmsa’s stain, or better by Fontana's silver impregnation 
method Lcvaditi’s method vs recommended for sections 

The organism is not filtrablc. It has been claimed on morphologic grounds that a 
granular or filamentous ‘‘prcspirochelc” phase occurs, but evidence of tins has not been 
substantiated. 

IVni'K.tMcm tor Amvivu. Monkeys are suscepuble to syphilis, and typical primary 
and secondary lesions may develop These animals may be inoculated subcutaneously, 
or by nibbing material on a scarified area on the eyebrows or genitals In rabbits a 
syphilitic orchitis may he produced by intratcsticular injection of syphilitic tissue or 
scrapings from a chancre CXcauonallv a ihancre-hhe skin lesion apj*cars in from three to 
six weeks at the site of the puncture Inoculation into the anterior clumber of the eye 
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causes a keratitis and iritis, and localized lesions elsewhere can be produced occasionally 
Living spirochetes can be found m large numbers in the lymph nodes over a long period 
of time. In working with rabbits, it is important to recognize that they are subject to 
a natural venereal disease, the etiologic agent of which (T. cunicttlt) may be morpho- 
logically indistinguishable from the T pallidum. 

Clinical Manifestations. Clinically the disease is divided into three more or 
less clear-cut stages, the manifestations of which depend in part upon the dis- 
tribution of the organism, and the reaction of the tissues to its presence. One or 
more of these phases may be absent, and in some cases there may be no manifes- 
tations of the disease for many years. In the so-called "latent” cases the diagnosis 
depends solely upon serologic reactions. 

After an incubation period of from three to six weeks a primary sore or chancre appears 
at the site of inoculaUon, and the regional lymph nodes enlarge. Spirochetes arc present 
in these areas in large numbers, and from here they become widely distributed through- 
out the body. They occur in the blood stream, although not in sufficient number* to be 
demonstrated directly. It is believed that the organisms gain entrance to the nenous 
system at this time in those cases which later develop neurologic manifestations. 

Characteristic lesions on the skin and mucous membranes mark the onset of the 
secondary stage of the disease. Spirochetes arc present, and can be demonstrated, in these 
areas By this time characteristic serologic changes have developed in a great majority 
(95 per cent) of the cases, and are relied upon to confirm the clinical diagnosis. 

After a variable length of time the secondary manifestations disappear. The spirochetes 
become much less numerous in the body, but generally persist in localized areas with or 
without the development of symptoms Such j nidus may occur in almost any tissue in 
the body, and may produce gross pathologic lesions within a short time, or only after 
many years. As a result of these peculiarities m the infectious process, the manifestations 
of tertiary syphilis are of many different types, and occur almost anywhere in the body 
The symptom complex of many unrelated diseases may be simulated by a syphilitic in- 
fection, and can be differentiated only by serologic tests While spirochetes may be 
present in these tertiary lesions for many years they are usually sparse and arc not easily 
demonstrated even in tissue sections The organisms are frequently harbored in the lymph 
nodes which have been shown to be infective for rabbits, even in latent cases many years 
after the initial infection Lansford and Day (1934) have tested the infertility of the 
nodes in a series of Wassermann-positive cases in different stages of the dis ase. In the 
primary cases glandular transfer was positive in all, in all patients receiving treatment at 
the time infectivity was negative In late cases, however, whether or not previous treat- 
ment had been given, transfer was successful m only about 35 per cent. These results 
indicate that failure to obtain infection in rabbits by inoculation from human lymp 
nodes is not a reliable criterion of cure, as has been suggested. 

It has been claimed, chiefly upon clinical observations, that certain so-called neurotropit 
strains of T ’. pallidum possess a particular affinity for the central nervous system. There 
however, no conclusive proof of this contention, and the factors determining the type 
and location of the tertiary manifestations are not well understood. 

Syphilis may be congenital, in which case the spirochetes may occur in great num ers 
in the internal organs, particularly the liver. They have been demonstrated in the ^ °° » 
and are present in the placental lesions. Blood from the cord may show a positive Wasser 
mann reaction. Adequate treatment of the mother before or during pregnancy wi 
prevent the disease in the child, and if the fetus is already infected may comb3t 
disease in utero . 

Immunity. The problem of immunity in syphilis is but little understood. At no s S 
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of the disease arc the ordinary anittadm such as agglutinins, or bacterinlysins, demon- 
strable m the serum jrrorifmg to most oh*-er»m, and the sens*n dons not pouts i any 
protective pow.tr (of animals in the tertian stage allergic it in tractions may be obtained 
with ipiroclietc rxiracf* flueim) and »<> other j^oirin rairacM. by* tftjry- are nor tpctific, 
and the luctin reaction is na longer utilized as a diagnostic procedure. 

Serologic Reactions. Serologic changes develop, however, which arc of the 
highest diagnostic importance, although their nature is not understood. Within 
from two to four weeks after the development of the primary Jetton the scrum 
acquire* the property of reacting ipcctfically with an emulsion of certain hpoidal 
substances from norma! tissues. Thu reaction may he manifested by the occur- 
rence «»( flocculation m a mixture of serum and lipoid emulsion, and by the 
demonstration of fixation when complement ri added to juch a mixture. This 
altered reactivity of the hlood is prevent m practically all cases in the secondary 
stage of the disrate and in untreated congenital cases, hut may l*c absent in a 
minor tty of the tertiary and latent eaves When the central nervous system « in* 
solved the reaction n demonstrable in the spinal fluid although the Wood rcac' 
Uoit mi) be entirely negative 

Details of rhe Kahn flocculation tetr, the Kofmer complement-fixation tett, and 
test* using cardmlipm antigen arc given in Chapter 10 

The American Serological Conference lui recen/Jf compared the results of the different 
Ifili «>n the !«an* of their sensitivity and specificity, and has concluded that flixcoUtion 
and complement fixation trsis arc equally reliable when properly peitermnl Although 
it.e test it practically specific, there are tnw ^0 whet cnndi'tofts m winch positive re- 
sen <n* may Iv obtained In yaws the perernugr of pontiie mulls srrmv to be at high 
nr higher than m »y flubs, and 'false positives" are oh tamed frequently tn Jrprnsy and 
malaria 

T?;/s icrtdiv>e chans* i« awwsatrd in wvene way wst.h the presence of tpirnchefri in the 
hdy and iv not an uvihv t-f uvnunty Tlte actual defense rtreltamms depends primarily 
t pin s <"ie d'iciitf alimiim in the capacity of the mute «11» tn react to the strut 
rather than ip<*t t anfihyfi-s Tie rrtnumlt which ifntlqy t* rarelf (if ftef) 
rtlnttve t'v lidding the U»Jy <1 organisms hut it itoa’ly lu^lciem to prevent luper- 

«n*ciiu«n AbhiHvh »t s'eois to pr*u»j fm no: iir*i- after the du-asc i» apparently 
cur'd, if it n«i IdfJ -ng mcc a »e rood aria. I <•! (}■*■ disease rt up i\tt'F 

11.*“ Jf id !"n t» cmiUatnl by *>ot ina'-iMv t<i dciem inr when t'<e pa’ient n actuary 
<tned Viuoii emma if Site Ijse h'en mgpittil, but mo- i> rnti'ely ta^ifactcry 
'tj'di'ic »ndmdu>*« s't refi»cf'>ry tn a a-nd t*c tlevcJoj’O'enr ii a tt 

»*i f e,lnft fat l^ets I resid'd av a jivo 1 «f ct'r Is »s s' •' sit, fnwtsrr. in p-<-vr tb« 
trio'cctu*! J.j» i*>v tjlrtt j'a.e. » n.e man* cat's if n'tMuci occur wi' v .M a treo-g-.s/rd 
I vat Irs >fl | Vf|> * 1*1 »ef. If is {*•■«’ V that is^rcnt lo jYrtrr-t rtiVms.n 

r »r jvf, ,t { * o-,' a'tcr » jovet «» turn! If ' I'f'T-fti'jv « if Is— ■j > >rv» , <‘ 

ii-iihrr ly »**!‘*.j 1 t" vt'att n t% ».» tn-'-c-s'i-r m !>v— an t* as it *orr t l a t<c spf 

}«!'- td- as, -vi h a-.^sfcv'efV.-^J'^D 

la»K»fatnty !)»*ptv>st«. In tl <* | Jirtary t •*?<■ »? tl,r slisrjse tie thag*v -sit t* 
*iM*'ithi.l { y « f cm •stftiH'>g the Ttrf^t^a <n mtfrfsa! <n-e>t t*,e 
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curs the surface should be wiped gently until the exudate is clear. Gentle squeezing 
is permissible. Material may also be obtained by washing the /esion, and applying 
a Bier cup or a test tube which has been warmed so that upon cooling a partial 
vacuum develops. 

This exudate should be examined fresh with darkfield illumination. 7 Tie T. 
pallidum is easily seen, but must be distinguished from other nonpathogenic 
spirochetes (particularly T. refringens) by its tight corkscrew spirals and relatively 
sluggish motrlity. 

When the material cannot be examined immediately, thin smears can be made 
and stained. Fontana's method is excellent. The Warthin-S tarry method is good. 
The Indh'ink method of Burn is simple and can be recommended. The material 
is mixed with a small drop of drawing ink, and thin smears are made as for 
blood. When dry they are examined with the oil-immersion lens, and the 
spirochetes stand out as white spirals against a dark background. 


As the primary J esion begins to heal the organisms become^css numerous and may 
be difficult to demonstrate. At this stage, however, they a*y present in large numbers 
in the regional buboes, and can be found in the fluid o’ darned by gland puncture. Al- 
though spirochetes may occur in the blood in the nv.>lary stage of the disease, their 
demonstration here is not 3 practicable diagno* ,c procedure. The fact is of great im- 
portance, however, in selecting a donor for tram usion, since syphilis has been transmitted 
in this way in a number of instances. At this /.age reactions to serologic tests are usually 
negative, and the condition may escape no,ce unless the donor is carefully questioned 
and examined. 


In the secondary stage the spirochct s occur in the serous exudate obtained from 
mucous patches or from skin lesic is. The spirochetes which occur in normal 
mouths (T. mtcrodcntmm), howe’er, cannot be distinguished morphologically 
from T. pallidum, but at this time- the reactions to serologic tests are practically 
always positive, and the demonstration of the organisms is not necessary for 
diagnosis. In the tertiary lesions they are usually sparse, although {hey have been 
found in sections from a number of different tissues. 

After the primary stage the .omplement-fixation and flocculation reactions in 
the serum are relied upon for diagnosis. 

When central nervous systefw&n vol vem en t is suspected the spinal fluid must t 
examined, even though the b\l)d reaction may be negative. In addition to 
serologic tests the following ruminations are particularly important: (1) ct 
count; (2) globulin and total pStein estimation; (3) quantitative estimation < 
glucose; (4) colloidal gold or r^iastic tests. These procedures 3re described 1 
Chapter 35. No patient with -iiyphilis should be considered cured until t 
spinal fluid as well as the blood iSs been examined and found to be normal- 


Yaws (Frambesia) 

Etiology. Yaws is an infectious, highly contagious, nonvenereal disease, lunitt 
to the Tropics and caused by an organism which is morphologically indistinguis 
able from* if nolt identical with, T. pallidum of syphilis. Blacklock refers to ram 
besia as “tropica^ syphilis,” and lists the term T. pertenue as a synonym o 
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pallidum. The organisms are found in large numbers in the serous discharge from 
yaws’ lesions and m the lymph nodes. They also occur in the blood, as shown by 
inoculation experiments. 

Animal Inoculation. Monkeys and rabbits can be infected by inoculation with dis- 
charges from yaws' lesions Schobl (1928) obtained primary lesions in monkeys by 
inoculation of the eyebrows or (more readily) of the scrotum By a reinoculation while 
the primary lesion was healing (supcnnfection) he obtained a generalized secondary 
eruption closely resembling yaws in man In rabbits most observers have described dry 
lesions following skin inoculation with yaws, whereas in syphilis inoculations the lesions 
resemble chancres Turner and others reported that the epididymo-orchitis in rabbits 
following inoculation with yaws is much less marked than that due to syphilis inoculation 

Epidemiology. Yaws is limited to the Tropics, and is especially prevalent in 
the West Indies, Africa, southeastern Asia, the East Indies, and the Pacific Islands. 
It is almost exclusively confined to members of the colored races. It is largely 
limited to rural districts in which syphilis is rare, whereas in the towns yaws is 
uncommon and syphilis (venereally acquired) is prevalent Infection is usually 
acquired innocently in childhood. The spirochetes enter the body through some 
cut or abrasion of the skin, either by direct contact with discharges from the 
lesions or indirectly, particularly through the agency of flies. Kumm and Turner 
(1936) showed that rabbits could be infected with yaws by scarifying the skin and 
exposing them to Hippelatcs palltpes which had fed on infective discharges (sec 
p. 702). These flies were observed in swarms feeding on the discharges from yaws’ 
lesions In Jamaica the curve of incidence of new cases parallels the rainfall and 
(consequently) the prevalence of Hippelaies. The spirochetes apparently do not 
penetrate the unbroken skin. The rarity of the disease in white children may be 
explained in part by the fact that they are kept clothed and clean. The epidemi- 
ology of yaws and pinta is almost parallel, but u would seem that the contact must 
be more prolonged in pinta — more like that of leprosy. 

Clinical Picture. A primary, secondary, and tertiary stage of yaws can be distinguished. 
The primary lesion (mother yaw) develops three and a half to four weeks after experi- 
mental infection (Scllards) and one to two months after natural infection. It appears as 
a small papule which attains a diameter of about 1 cm. or more and becomes cos ered 
with a crust of dried, serous exudate If the crust is removed it reveals a fungoid, yellow- 
ish or reddish tubercle which exudes a serum containing spirochetes (framhesia). Irregu- 
lar fever, malaise, joint pains, and nocturnal headaches precede the appearance of the 
primary lesion which is usually located on the legs This may regress spontaneously after 
a few weeks or it may persist for many months. There is a regional, and later a general, 
glandular enlargement From two to three weeks after the primary lesion appears, the 
Wassermann reaction becomes positive. 

Six to 12 weeks after the primary lesion a generalized secondary eruption develops, 
first as small, dry, scaly patches in which small papules soon appear. These enlarge and 
resemble the primary lesion There is a recurrence of fever and constitutional disturbance*. 
The lesions itch but are not sensitive or painful except on the palms and sole* Tte 
disease is called “crab yaws” when the lesions occur on the *> ? ej because of the resc's^ 
peculiar, awkward gait There may be successive crops over a period of several 
or years The individual lesions usually re "*~raS weeks Iea.ing a 

subsequently pigmented scar. 
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In about 8 to 10 per cent of those afflicted the lesions persist as chronic ulcers ( tertiary 
stage) which may invade the neighboring tissues extensively. Osteitis and periostitis are 
common and may involve the fingers as in syphilis, causing marked deformity. Other 
lare lesions include: gangosa, jwcta-articular nodules, and goundou. 

The term gangosa is applied to a chronic ulceration resembling that sometimes seen 
in syphilis, which starts in the palate and gradually destroys the soft parts and bones of 
the roof of the mouth and the nose (but spares the upper lip), causing frightful mutili 
tion. 

Juxta-articular nodules of fibrous tissue, varying in size from that of a pea to a small 
orange, often occur on the extensor surface of the limbs, especially about the joints. 

Goundou, probably also a tertiary manifestation of yaws, is characterized by a progres- 
sive, symmetrical enlargement of the nasal processes of the superior maxillae, which 
eventually form large projecting tumor masses. 

Relation to Syphilis. The exact relationship of yaws to syphilis is still in controversy 
Those who maintain that the diseases are distinct point out differences in clinical mani- 
festations and in the lesions in experimental animals They have emphasized: (1) The ab- 
sence of mucous patches in yaws. Carter, however, found no mucous patches in 231 
American Negroes with syphilis, although he found 21 cases among an equal number of 
white patients. (2) The rarity of tabes and paresis in yaws. These conditions are also 
rare in syphilis among primitive peoples in the tropics. (3) The reported absence of 
typical aortitis. Recent observations, however, show that aortitis is not uncommon, and 
Carl Weller (1936) from a study of the aortas of 169 patients in Haiti, a majority of 
whom had had yaws, concluded that yaws and syphilis produce identical aortic lesions. 
Hazen (1936) has emphasized the frequency of annular lesions and condylomas in the 
syphilis of the American Negro This annular or circmJtc type of lesion is frequently 
noted m yaws (ringworm yaws). 

The morphologic identity of the organisms, the common serologic reactions, the 
cross immunity, the response to the same therapy, as well as the general similarity 
of the experimental lesions and the clinical manifestations indicate that the 
diseases are, at least, very closely related. 

Laboratory Diagnosis. In the primary and secondary stages the organisms tnay 
be found in large numbers in serum expressed from the lesions or in fluid aspirated 
from enlarged lymph nodes, preferably in fresh preparations, examination being 
made with darkfield illumination. After the third or fourth week the serologic 
reactions for syphilis become positive in over 80 per cent of the active cases. 

PlNTA (Ca RATE ) 0 

In the ninth edition of this manual pinta was described as a fungou' infection, 
and note was made that Brumpt listed 27 different species of fungi as responsible, 
one for red pinta, one for blue pinta, and others for various shades down to the 
terminal white areas. This represents a sad chapter for medical research- In 
Menk reported that he had obtained positive Wassermann reactions in 74.5 p cr 
cent of the cases of pinta he had studied. Subsequently, Dr. Salvador Gonza cs 
Herrejon, the great Mexican authority, rej'ected the my cologic origin, but was 
unable to find treponemas. 

Our modern concept of the disease dates from August 1938, when aenz, 
Triana, and Armenteros reported finding treponemas, indistinguishable rorn 

•This section on “Pinta (Carate)” (pp. 172-175) was written by Rear Admiral E. R* $»<»• 
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Treponema pallidum, in the serum expressed from early papular lesions of 
plantar hyperkeratoses. These findings, in Havana, Cuba, were soon confirmed by 
Hcrrcjon, in Mexico. Brumpt named the spirochete, discovered by Armcntcros-, 
Treponema caratcum. (By priority this is the name for the parasite, and T. herre - 
)ont is a synonym.) The failure of Hcrrcjon to find treponemas was due to 
examining mature pintids (a name — analogous to syphilids — given the hyper- 
chromic lesions by Leon-Bianco). It is in the early papules that T. caratettm can 
most successfully be found (in practically 100 per cent of cases). 

Clinical Manifestations. We now know that a papule develops within about 
three weeks, following experimental inoculation, and extends peripherally as a 
squamous erythematous patch, reaching a diameter of 1 cm. in about a month, 
but continuing to spread peripherally. Secondary lesions, in crops, appear around 
the primary lesion, or elsewhere on the body, in about five months (earlier or 
later) With progressive hyperpigmentation and, later on, depigmentation, there 
appear various-colored or vitiliginous-likc spots, extending over the body, re- 
sembling the rarely seen syphilitic generalized lcukomelanodcrmia. 

In a series of 28 volunteers, including himself, Leon-Bianco selected several 
groups. One group included 17 healthy individuals having no gross or serologic 
evidence of syphilis or pinta. Another group was comprised of three syphilitics 
with positive serologic reactions. Five pinta patients with pintids, treponemas, 
and positive serologic reactions made up another group. All the volunteers were 
inoculated with pinta treponemas. All of the healthy volunteers, except three 
who were inoculated by scrum deposited on intact skin, developed the primary 
papule, progressing to secondary papules. The three syphilitics developed the 
papule but the secondary eruptions were scant and atypical. Of the pinta volun- 
teers, in one person there was a characteristic take, and in the other four no 
infection was manifest. Positive Wassermann reactions were not obtained prior 
lo the development of secondary eruptions. In those with secondary eruptions 
about 60 per cent had positive reactions, and only in the advanced cases, with 
marked pigmentation, did the positive reactions approach 100 per cent. It would 
appear that immunity develops much more slowly than it does for yaws or syphilis. 
It is generally accepted that the immunity for yaws requires a longer period than 
that for s)phi!is. 

Older descriptions of pintids gave various and changing colors: leaden, red, blue, 
yellow, violet, black, and white. In cases showing treponema origin, mercurial 
ointment like spots are noted in the earlier lesions, becoming more pigmented 
and, later on, deptgmentcd as final atrophy develops. It was observed jears ago 
that the white-spot lesions never could be cured. 

Tox noted resemblances between the plantar h) per keratoses of patients in the 
clinic of Saenz in Havana, and those he had observed in Mexico, and this led to 
confirmation, in Mexico, of the connection between these plantar and palmar 
h)perkcratoscs and pinta In 1922, Moss and Bigelow, studying 579 patients with 
yaws in the Dominican Republic, found plantar hypcrkcratoies to lie the most 
common manifestation of jaws — 327 of these patients showed plantar hjpcrkcra- 
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tosis alone (crab yaws or ciavus). Hudson reported hyperkeratoses and depigmen- 
tation in some of his cases of bejel in Syria, 

Gutierez (1923), in the Philippines, reported 431 cases of keratosis palmans and 
plantans in 658 patients in his yaws clinic. The illustrations and descriptions noted in 
these cases from the West Indies, Mesopotamia, and the Orient seem similar, whether 
regarded as associated with syphilis, yaws, or pinta. Hasselmann, in a very short survey 
of nonvenereal bejel, claimed that biopsies of bejel lesions showed the disease to be 
syphilis, and disputed the statements of Hudson, who had had years of experience with 
bejel, that it was a disease innocently acquired and largely an infection of children, 

Levaditi-staincd sections of yaws and pinta show the spirochetes chiefly in the 
acanthosis areas of the epidermis, or in the spaces separating the papillae of the 
corium from the interpapilJary pegs of the epidermis. The major changes in the 
vessels of the corium, as noted in syphilis, are wanting. Most authorities stress the 
great infrequency of aortic lesions, especially aneurysm, and spinal-fluid changes 
in yaws. Saenz, in 30 cases of pinta, found that 23 per cent of the patients had 
aortitis or aneurysm, and 10 per cent had spinal-fluid changes. Saenz also noted 
juxta-articular nodes in one of his patients. 

Epidemiology. EpidemioJogically, a vector is not required, although ffippelates 
palltpet, with yaws, and Sitnuhum haematopotum, with pinta, have been incrimi- 
nated. Leon-Bianco demonstrated the causative treponema in the discharges from 
fissures in the plantar hyperkeratoses of 29 of 41 patients. This highly infectious 
discharge could inoculate any abraded surface. 

Pinta is favored by a moist warm climate, such as prevails along the banks of 
streams in the valleys of tropical or subtropical countries. The disease occurs 
especially with isotherms of 80° F., and above. Moisture seems more important 
for the persistence of both yaws and pinta, in the Tropics, than any other factor. 
Indeed, yaws almost disappeared in Jamaica during a record drought, from 1838 
to 1848. 

Treatment. The treatment of pinta is the same as for yaws and syphilis. The 
relationship of these three diseases is a challenge to medical science and, at the 
same time, of immense practical importance. Unfortunately, this problem is a* 
buttressed by prejudice as is any theologic controversy. 

Pinta-Syphilis Relationship. Guillermo Tellez (1889) discussed pinta as an 
infection of syphilitic nature, noting that the skin lesions simulated an exant 
made syphilis. Another authority on pinta, Gastambide (1881), notes that women 
may contract the disease through sexual intercourse. 

The most interesting study of the development of pinta has been that of Agm*^ 
Pequeno (1943-1944). Pequefio inoculated himself with pinta material in 
and at intervals reported the progress of the infection. The clinical manifestations 
were observed by his medical colleagues. Erythematosquamous spots app«re 
on the seventh day at each of four inoculations. These Pequeno called emp^ne*- 
The period of dissemination began four and one-half months later, the 120 spots 
being similar to the initial ones. The spots on the gluteal regions resembled Iep«»y 
and those of the backs of the hands resembled pellagra. In the third or dyschromi 
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st3ge Pequeno noted that the vitiligo of the backs of his hands and the lower third 
of his legs was characteristic for pinta. During the deselopment of the disease he 
reported, at various intervals during three and one-half years, mucocutaneous 
lesions of the genital area. Alopecia was also a feature. The palms of his hands 
and soles of his feet showed hyperkeratoses. Finally he was tortured by lancinating, 
fulgurating, unbearable girdle pains, which demanded relief from his martyrdom. 
Following penicillin (1,200,000 units) all manifestations of pinta disappeared but 
the locomotor ataxia-like pains persisted. These finally yielded to mapharsen and 
sodium iodide therapy Pequeno has given us elsewhere one of the best outlines 
of the history of the disease. 



CHAPTER 7 


Rickettsia and Bartonella* 


Rickettsiae 

Diseases Due to Rickettsiae 

The rickettsial diseases arc a group of illnesses that occur throughout the world. 
They are caused by the rickcttsiae, tiny microorganisms midway between the 
bacteria and the filtrablc viruses, requiring living cells for proliferation, staining 
poorly with ordinary bacteriologic stains, and for the most part transmitted by 
arthropods. The microorganisms are named after Ricketts who first saw and 
described them in cases of Rocky Mountain spotted fever in 1903. Subsequently, 
in 1910, Ricketts noted similar organisms in body lice infected with typhus feser. 

The rickcttsiae and the diseases they cause can be classified by several dif- 
ferent schemes. By some the diseases arc spoken of as the typhus fevers and are 
classified according to the transmitting vector, i.e., louse typhus, tick typhus, ante 
typhus, etc. This classification, however, proves to be inadequate when more than 
one rickettsia can be transmitted by the same vector or when applied to Q & t{ 
which apparently can be contracted in the absence of known arthropod vectors. A 
more satisfactory classification is one based upon the etiologic agent per sc 
its antigenic relationship to others in the group. 

There are six groups of human rickettsial diseases: typhus fever, Rocky Moun- 
tain spotted fever, boutonneusc fever, tsutsugamushi disease, Q fever, and nus- 
cellaneous diseases as yet not sufficiently understood for accurate classification. 

Typhus Fever: Epidemic Typhus Fever. Epidemic typhus fever is a louse-boine 
disease caused by Rickettsia prowaze\i. As it occurs classically it is a disease ° 
winter, of populations going through famine or war, of populations heavily » n 
fested with body lice. To this group belongs the typhus fever that apP ea [ 
throughout the highlands of Mexico and of Central and South America, k ’ s 
found in North China, the Balkans, Poland, and Russia in Europe, and throug 
out North Africa and the Middle East. The fatality rates vary from time to tune, 
when the disease appears more or less sporadically it may be as low as 8 to 
per cent; during serious major epidemics the rate has been as high as 70 to 80 P c 
cent. 

Murine (Endemic) Typhus Fever. This milder type of typhus fever is 
mitted to man from infected rats by fleas (Dyer et al., 1931) and is caused 'j ^ 
mooseri. It is a disease of summer and fall, the seasons when the fleas (Xenops ^ 
cheopis ) are most prevalent. The disease can usually be traced to the P 
work rather than to the place of residence (Maxcy, 1926). At the place o 

•This chapter was contributed to in part by Dr. Paul W. Clough. 
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those with the greatest exposure to rats and their harborages, such as employees 
of feed and grain stores, groceries, and restaurants, suffer the highest attack 
rates. Murine typhus has been reported as occurring throughout the entire civilized 
world, particularly in seaports. The fatality rate is quite low, usually less than 5 
per cent. 

Rocky Mountain Spotted Fever. This is a moderately severe disease transmitted 
to man by a tick and caused by R. ric^ettsii. It is a disease of spring and summer, 
the seasons when the ticks are most prevalent. For years the disease was thought 
to be limited to the Rocky Mountain area of the United States, the habitat of the 
wood tick, Dermaccntor andersoni. In 1931 (Badger, Dyer, and Rumreich) it was 
found to be prevalent in the eastern part of the United States, the area of the 
eastern dog tick, Dermaccntor variabilis. Since 1930 the disease has been recog- 
nized in Brazil (Sao Paulo exanthcmatic typhus, Minas Geraes fever) and Colom- 
bia (Tobia fever, Colombian spotted fever), and more recently in Mexico. In the 
United States it has now been reported from 42 of the 48 states. The crude fatality 
rate for the entire United States is about 20 per cent, being 12 per cent m the 
age group under 15 years, and more than 40 per cent in the age group over 40 
years (Topping, 1941). An infected female tick is able to transmit the disease to 
her offspring through the egg, so that the infection can be kept alive without an- 
other reservoir of virus. It has been shown recently, however, that dogs in in- 
fected areas in the cast have complement-fixing antibodies in their blood and 
may play a part in the epidemiologic spread of the disease (Shepard and Topping, 
1946). 

Boutonncuse Fever (Fibre Ercairc Nodulaire). This is a relatively mild 
disease transmitted to man by a tick ( Rhtpicephalut sanguineus ) and caused by 
Rickettsia conori. This rickettsia is antigenically related to but not identical with 
R. nckettsti (Gordon and Parker, 1943). The disease is known to occur around the 
Mediterranean and differs clinically from Rocky Mountain spotted fe\er in that 
it is a milder disease and that it has a primary eschar at the site of the infecting 
tick bite. Although not definitely proved, the disease known as South African 
tick bite fever is probably identical with boutonneuse fever (Gear, 1938). 

Tsutsugamushi Disease ( Scrub Typhus). This disease is manifest by a mod- 
erately severe illness transmitted to man by a mite ( Trombicula a\amusht, Trom - 
btcula dehensti, etc.) and caused by R. orientalis. It was originally described in 
Japan as river fever, since it occurred following the floods. It has now been re- 
ported from most of the islands of the south and southwest Pacific; the East 
Indies and the Malay Peninsula; and Korea, Indo-China, Burma, and Assam on 
the mainland of Asia (Lcuthwaitc and Savoor, 1940). Since the transmitting 
mite feeds on animals or man only once during the larval stage and at no other 
period in its life ejele, it is probable that the adult female transmits the infec- 
tion to her offspring through the egg. This disease, like boutonncuse fever, is 
characterized by a local csclur at the site of the infecting arthropod bile. Fatality 
rates in tsutsugamushi have varied from less than 5 per cent in some localities to 
over 30 per cent in others (Blake ctak, 1945). 
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"Q” Fever. This is a new member of the rickettsial group which has been 
recognized only since 1937. It was first described as a relatively mild febrile ill- 
ness that occurred in abattoir workers in Australia (Derrick, 1937) and caused by 
R. bumeti (Burnet and Freeman, 1937). Although the causative agent has been iso- 
lated from ticks both in the United States (Davis and Cox, 1938) and Australia, 
human cases have been reported without a history of arthropod bite. It is now 
known that the more serious cases arc characterized by a pneumonitis (Horni- 
brook and Nelson, 1940) and several rather extensive outbreaks have occurred. 

Miscellaneous. There are several diseases apparently caused by rickettsiac — 
Indian tick typhus, trench fever, etc. — about which knowledge is insufficient for 
accurate classification 


Rickettsia Prowazeki 

Rickettsia prowazefy, the cause of epidemic typhus, is rhe type species of the 
genus. Although this organism can be demonstrated in infected animal tissues 
and in the gut of infected lice, it is easily seen in preparations from the yolk sacs 
of hens’ infected eggs, where under proper conditions the rickettsiac grow well 
(Cox, 1938). Smears are made by tearing of! a small piece of tissue from the yolk- 
sac membrane, wiping off most of the yellow yolk on glass, and then macerating 
the tiny bit of tissue on an ordinary glass slide. The smear may be stained by 
Machiavelh’s method (the rickcttstae usually stain red) or with Giemsa stain 
(the nckcttsiae stain a pinkish purple). The organisms show considerable vana- 
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tion in size, from almost invisible particles to rods which m3y measure more than 
2 ft, in length, Diplococcoid forms arc frequently seen particularly in preparations 
of R. oriental is. 

The rickettsiae have never been grown except in the presence of living cells 
R, bttrnctt has been shown to pass the bacterial filters consistently, and under cer- 
tain conditions so will R. prowazekj. Most of the rickettsiae can be sedimented 
by centrifugation in the small angle centrifuges at about 3500 to 4000 r.pan. A 
soluble antigen (probably protein in nature) has been described as being released 
from R. prowazc\i, R. moosen, and R. rief^ettsii, upon exposure to diethyl 
ether. 1, 2 This soluble antigen is capable of eliciting all the immunologic responses 
that are seen with the intact organisms. By means of the electron microscope it 
appears that some of the rickettsiae (2?. p)otvaze\i and R. mooser'i) are enveloped 
by a “capsular substance”* which may be the source of the soluble antigen 

A variety of ordinary laboratory animals are susceptible to infection with the rickettsiae 
The guinea pig is probably the animal most universally used for investigations. It is sus- 
ceptible to intraperitonc.il infections with all the rickettsiae. A febrile illness following an 
incubation period of usually three to Six days is observed, and with R, moosen and R. 
ricfottsii typical scrotal reactions can be seen When R prowaze\i l and R. moosen (Gil- 
dermeister and Haagcn, 1940) are growing well in the yolk sacs of fertile eggs, a suspen- 
sion of living organisms is toxic for white mice when inoculated either intravenously or 
intrapen ton call y. Death occurs usually in two to six hours following the injection of the 
rich, living suspension of either organism White mice 3re also satisfactory in investiga- 
tions involving R, onentahs Depending upon the dilution of the inoculum, death occurs 
usually in from 5 to 20 days following intraperitoncal inoculations Some yolk sacs in- 
fected with R. onentalis when diluted with sterile skimmed milk to I0-* or I0-* have 
caused deaths in white mice These animals can also be used for investigations of Q fever, 
and even though death docs not ensue, some 7 to 10 days following inoculation they 
often have enlarged spleens and ihc rickettsiae can be demonstrated. Monkeys arc quite 
susceptible to infections with A’ nc^ettm and have also been used in studies of the other 
rickettsial agents. A wide variety of rodents, both domesticated and wild, have been shown 
to be useful for various investigative purposes in studies of the rickettsiae (Brigham, 1937, 
Gear and Davis, 1942, and Snyder and Anderson, 1942). 

Methods have been described for the preparation of antigens from the rickettsial agents 
tliat can be used in a variety of serolog'c tests The complement-fixation lest is probably 
the most widely used laboratory aid in the diagnosis of the specific rickettsial infections 
Rickettsial agglutination tests have yielded useful information as has the precipitin test. 

’Topping, N. II . and M J Shear- Studies of antigens in infected yolk sacs (Approval for pub- 
lication March 19, 1942. aligned date of publication in Pub Health Rep.. March 27, 1942; 
withheld for security reasons ) Pub. Health Rep. 59:1671-1675, (Dec 29) 1944, Also published 
in “Studies of Typhus Fever," National Institute of Health Bulletin No. IB J. Gov Print. O/T , 1945, 

P 13. 

Topping, N. II , and C C Shepard. The preparation of antigens from yolk sac. with rickettsiae, 
tub. Health Rep, (in press). 

■Shepard, C. C, and R. W. G. Wyckod The nature of the soluble antigen from typhus 
nekettiue. Pub. Health Rep. (in press). 

‘IVngtson, I. A, S II. Topping, ami R <». Henderson. I pidrmk typhus* Dcmonitrstnms of 
a substance lethal for m.cc in the yolk sac of eggs infected wuh RKkeitua prnmreki. (Arrived 
for publication July 2. 1942; assigned date of puNieatson in M. Health R r p . July J|, 1942; 
withheld fur security reason* ) "Studies e*( Typhus revet.*' National Institute «f Health Bulletin 
No ISJ, Gov, Print. Oil. 1945, p 25 
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A field in a more dilute Wilmington typhus preparation. This sus- 
pension was from infected mouse lung (X 18,000 ) (Courtesy, 
Shepard and WjckofT: Public Health Reports, <51: No. 22, May 19- 16.) 


Neutralization tests have been worked out for most of the agent? and have been used to 
determine the neutralizing titers of scrum from either convalescents or those vaccinated 


Laboratory Diagnosis of Rickettsial Diseases 
Many of the procedures involved in the laboratory diagnosis of the rickettsial disease 
carry with them the danger of accidental infection of personnel. This may be modified, 
however, by the vaccination of personnel, particularly against Rocky Mountain spotted 
fever and epidemic and murine typhus. We may assume that the rickettsiae are highly J*' 
fecuous, and accumulated laboratory experience indicates the danger from air-borne i®' 
fection without apparent laboratory accidents as well as from breaks in technic. 


The laboratory diagnosis of the rickettsial diseases depends in general upon 
forms of tests: (1) the demonstration of a rise in antibody, and (2) the isolation 
and identification of the causative agent. _ • 

. Immunologic Reactions: Wejl-Felix Acclutination Test. With a rickettsi 
infection several types of antibody show a marked rise for varying lengths of time. 
The Weil-Fclix reaction (agglutination of one of the proteus X strains) is one o 
the simplest tests that can be performed in the laboratory for confirmation of t e 
clinical diagnosis. Since the demonstration of a significant rise in agglutinin tItcr 
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A field in another Brem! tjphu* preparation extracted with warm 
ether Many free drnpleti of soluble antigen are distributed over the 
substrate < X IS, 000 ) (Courtesy, Shepard ant] Wjckoff: Public 
Health Reports, fit No. 22, May 19-16.) 

is of prime importance, it is well to have an early specimen anti several others at 
five- to seven-day intervals. Agglutinins for the protcus X strains usually appear 
late in the second week of the disease, reach a peak titer, and disappear fairly 
early. Rocky Mountain spotted fever, epidemic tjphus, ami murine typhus usually 
produce agglutinins for proteus OX,,; while tsuisugamushi disease causes a rise 
in titer only for protcus OXK. The Wed Felix reaction is of no value in differen- 
tiating between the Rocky Mountain spotted fever group and that of the typhus 
fevers. Q fever does not agglutinate any of the known proteus X strains. 

In performing the test one must be careful to have a nonmotde strain of either 
X„ or XK Variants in both occur, quite commonly in the latter, so that rather 
frequent observations of the cultures arc advisable. Although there has been some 
controversy over living antigen as compared to alcohol, phenol, or formalin pre- 
served, any of the four seem satisfactory. Usually the test itself is done macro- 
scopically using vvatcr-lvith incubation at 37° C. for two hour* and refrigeration 
overnight The microscopic (rapid-slide) agglutination test is used in some 
laboratories and when properly performed H satiifactory Recent!), a suspension 
of protcus OX,, containing a dye (methylene blue) has been advocated as an aid 
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curred is recorded. There is considerable crossing by some of the agents, but by simple 
dilution alone it is usually possible to tell one from the other. Absorption technics can be 
resorted to if more quantitative results are desired. In reversing the usual procedure and 
testing for antigen in the presence of specific antibody, the test is of great assistance m 
studying the various antigenic fractions that can be prepared by chemical methods 

Precipitin Test. By chemical methods an antigen (soluble) has been prepared from 
epidemic and murine typhus which is suitable for a precipitin test. 8 By using the optimal- 
proportions method for determining the proper amounts of antigen and antibody as 
well as by absorption technics, quantitative results may be obtained. This test is of assist- 
ance in determining any minor variations present in otherwise similar strains The 
precipitin test is also of value in studying various antigenic fractions as well as the action 
of certain physical and chemical agents upon typhus antigens. 8 

Specific Agglutination Tests. The rickettsial agglutination test has been in use in 
several laboratories for some time (Zinsser and Castaneda, 1932; Fitzpatrick and Hampel, 
1941, Van Rooyen and Bearcroft, 1943). It is dependent upon securing large numbers of 
nckettsiae in a relatively pure suspension. Owing to the small size of the individual or- 
ganisms, the agglutinated clumps may offer difficulty in reading, particularly if there is 
much extraneous material present with a tendency to spontaneous settling. Like the pre- 
cipitin test, the rickettsial agglutination test lends itself well to absorption technics where 
more quantitative results can be obtained 

Neutralization Tests. Virus neutralization tests for the presence of neutralizing anti- 
body have long been in use for the identification of rickettsial infections. Suitable dilu- 
tions of the serum under test are allowed to incubate (usually at room temperature) with 
known infectious material and then inoculated into susceptible animals. Controls art 
inoculated with mixtures of the infectious material plus dilutions of known negative 
serum A rapid test for the presence of neutralizing antibody has been described for 
murine and epidemic typhus fever. 7 This test depends upon the serum under tests neu- 
tralizing the toxic substance which is responsible for the rapid death of white mice, tiera 
from either convalescents or those having received vaccine have the power to neutralize 
this toxic substance m relatively high dilutions for prolonged periods of time This test 
has become the standard by which potencies of vaccine are judged in the United States* 
guinea pigs are vaccinated and the sera titrated for protective antibody. In vaccinated ani- 
mals and human beings the neutralizing antibody seldom reaches the heights seen in early 
convalescence from actual infection, but it does approach the levels seen in mdividua* 
recovered from typhus fever some 6 to 12 months previously In vaccinated indiviauas 
neutralizing antibody can be demonstrated after the complement-fixing antibody has disap- 
peared 8 


'Shepard, C. C , and N. H Topping: Technic of a precipitin lest for the study of iyphu$c v _ cr 
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Print Off, 1945, p 87. 
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Isolation and Identification. The ctiologic agent of the rickettsial diseases 
circulates in the blood, at least early in the disease. By inoculating an adequate 
quantity of blood into a susceptible animal the agent can be isolated and studied. 
In the guinea pig inoculated intrapenioneally with from 3 to 5 ml. of blood drawn 
early in the course of the disease, isolations are possible in from CO to 75 per cent 
of the eases of Kocky Mountain spotted feser and epidemic and murine typhus. 
There is an incubation period of from 2 to !0 days, depending upon the strain 
involved For example, a strain of Rocky Mountain spotted feser causing severe 
infection in the guinea pig will base an incubation period of only two days 
whereas a "mild” strain may have a fisc- to seven-day incubation period. After the 
incubation period the guinea pig’s temperature becomes elevated for a variable 
number of days, again depending upon the strain involved Temperatures above 
39.6° C arc usually considered fever in the guinea pig. 

In several of these intccnons, male guinea pigs develop a scrotal reaction which 
may be of considerable importance in classifying the strain. In Rocky Mountain 
spotted fever the scrotal reaction usually develops after the guinea pig has had 
fever for four to seven days Some animals will die before the scrotal lesions de- 
velop. The reaction is initiated by a very slight diffuse erythema, and at this stage 
the scrotum becomes stretched and assumes a shiny appearance. The following 
day a rash is seen over the scrotum and this may extend upward on to the groin. 
These macules become darker very rapidly, so that within 2) hours the skin of 
the scrotum appears purpuric where the dark purplish macules have coalesced. 
The superficial layers of the skin slough, leaving ulcers which may have more or 
less bizarre shapes. Healing begins and is complete in about five days, leaving 
permanent scars on the scrotum The mild strains of spotted fever seldom 
produce these lesions. 

A characteristic scrotal reaction is produced in male guinea pigs by a murine 
strain of typhus fever. This reaction is entirely different from that of Rocky Moun- 
tain spotted fever. In murine typhus the reaction is often seen on the first day of 
fever. Here the deeper structures arc involved rather than the superficial skin The 
tunica vaginalis becomes edematous with marked injection. The scrotum appears 
swollen, and it is no longer possible to replace the testicles through the external 
ring into the abdominal cavity. Except that the skin of the scrotum is tightly 
stretched and reddened, there arc no superficial lesions. After two to three days 
the reaction subsides with no permanent evidence of the previous pathologic 
changes. There arc no consistent characteristic scrotal reactions with an epidemic 
strain of typhus fever, Q fever, or tsutsugamushi disease. 

During the first three or four days of fever the different strains can be passed to other 
guinea pigs by using 1 or 2 ml of vvholc blood or a suspension of some of the organs, 
such as brain, liver, spleen, or the washings of the tunica vaginalis Animals which have 
recovered are solidly immune to subsequent infection with a homologous strain, but 
not to the other nckettsiae However, murine and epidemic typhus exhibit almost com- 
plete reciprocal cross immunity One of the standard methods of identifying an unknown 
strain is to study the cross-immunity reactions with known strains 

White mice are easily infected by intrapentoneal injection of blood from the patient 
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with tsutsugamushi disease. If infected, their fur becomes ruffled some six to eight days 
later and they appear ill; by the tenth to twelfth day their abdomens become distended 
with a clear viscous fluid and death occurs usually from the twelfth to fifteenth day. 
Smears made from material obtained by lightly scraping the peritoneal surface, when 
stained with methylene blue, Giemsa, or Machiavelli will reveal the rickettsiae in the cells 
A rickettsial pneumonia can be produced in white mice inoculated intranasally with R. 
prowazekt, R. moosert. and R. orientahs (Castaneda, 1938; Durand and Sparrow, 1940, 
Fulton and Joyner, 1945) and their lungs used as a source from which to prepare rickett- 
sial suspensions. 

Cultivation 

Since the rickettsiae have been cultivated only in the presence of living cells, various 
forms of tissue culture for these organisms have been described. The simplest and so far, 
at least, the most satisfactory method is cultivation m the yolk sacs of hens’ ferule eggs. 
The infection can be initiated in yolk sacs by the inoculation of 0 5 ml to I 0 ml of infec- 
tious material, usually blood from an infected guinea pig. The fertile eggs are incubated 
at 37® C for from four to seven days before inoculation. After inoculation they are incu- 
bated at 35 s C. The eggs arc candled each day to determine the viability of the embryo 
It frequently takes several passages in eggs before the embryos begin to die. Suitable yolk 
sacs for further passage are selected by microscopic examination of stained smears of the 
tissue. The seed for passage is prepared by thorough grinding of the infected yolk sacs, 
either by hand with alundum, or in a tissue blender Sufficient diluent to make a 10 per 
cent tissue suspension is added either before or after grinding. If the intention is to pre- 
serve the seed virus, the diluent had best be sterile skimmed milk; then the seed can be 
frozen and stored at less than —30® C. If the seed is to be used immediately, 0 85 per cent 
saline is satisfactory as a diluent. The seed is usually diluted further (1 :1Q to 1:1000 or 
higher) just prior to inoculation into other fertile eggs 

Bartonella* 

Bartonella Bacilliformis. This is a minute, rod-shaped organism which was 
first observed by Barton (1909) in red blood cells of a patient with Oroya fever. 
It stains readily, by Giemsa’s method, as a reddish-blue rod 1 to 2/* long and 02 
to 0.5/i wide. There may be a purplish-staining granule (chromatin?) near one 
end. There may be several organisms in a single red cell — in pairs, short chains, 
or irregularly distributed. V and Y forms occur. There are also rounded or pear- 
shaped granules from 03 to l/i in diameter. The organisms also occur in the 
endothelial cells of the blood vessels, lymph nodes, spleen, liver, and intestines— 
both in the acute febrile stage of the infection and in the verruga lesions. Strong 
observed motility in darkfield preparations. 

The organism can be grown in Noguchi’s leptospira medium, in suitable tissue cultures, 
and in developing chick embryos. Cultures may be obtained from the blood of patients 
with Oroya fever, and from the verruga lesions Monkeys are susceptible to subcutaneous 
inj'ections of cultures from either source, verruga lesions develop, but very rarely is there 
extensive invasion of the red blood cells. Monkeys develop similar lesions after di« c 
inoculation of material from human verruga nodules, but attempts to reproduce the sjn 
drome of Oroya fever by inoculations of blood have been unsuccessful. The orgams/n 
can be recovered in cultures from the lesions produced in this animal. The usual la or 
tory animals are not susceptible. Carrion, a Peruvian medical student, died of Oroya ev 
after deliberately inoculating himself with blood from a verruga nodule 

•This section on "Bartonella” <pp 186-188) was contributed by Paul W Clough, M D. 
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Organisms simitar to H irtonrllj J'jciihJormit have been found in dogs (R, rums), rats 
(ft mum), and some other animals. In these animals the infection usually appears to be 
symptomlcss, but after splenectomy there may sics clop a fatal febrile anemia simitar to 
that associated tilth Or ova fever Verrucous lesions hate not been observed 
llartoncllusis. The disease in man occur* as two clinical types a generalized form. 
Oroya fever, and a localized form, verruga peruana The ctiologic identity of the two 
syndromes was long questioned, but is now established 
Onov* I tvs* (Camion ' i I)iuasl) After an incubation period of two to three weeks the 
disease begins with malaise, irregular remittent feter, prostration, headache, pains in the 
bones and joints, and the rapid, sometimes fulminant development of a severe anemia 
which is hemolytic in type The red cells may fa!! to 1,000,000 and the hemoglobin to 20 
per cent wjthm two to three weeks, c»rn. it is sjkI, within a few days In prosed cases 
the mortality is from 20 to 40 per cent, death usually occurring within two to three 
weeks In patients who survive, the constitutional symptoms and the anemia gradually 
abate, hut within a tew weeks almost invariably the serruenus eruption appears 
The diagnosis m the severer cases can be made readily from blood films, as many of 
the red cell* (even op to 00 per cent, according to Strong! contain the parasites In 
milder cases, however, the organisms may be sparse There arc often many nucleated red 
cells of all types and many rrficulocvtrs. so that the anemia ts microcytic There iv a ncu- 
tri/phihe leukocytosis The bone marrow is hyperplastic Wood cultures in suitable media 
.re valuable, particularly in cases in which organisms arc sparse. Agglutinins appear in the 
serum, but the tifrr is usually low. and their dcnvonstralion « of questionable value as 
a diagnostic procedure 

VrttLov PiUt'AM Tins stage of the infection is characterized by the appearance of a 
cutaneous eruption which may be one of two types Most often it takes the form of many 
small miliary nodules on the face, extensor surfaces of the extremities, and, frequently, 
the mucous membranes These lesions appear as bright red spots which develop into nod- 
ules and may attain the sire of a pea Less often there are large nndutar lesions the « 2 e 
of a pigeon’s egg, usually located about the joints These frequently ulcerate and may 
bleed profusely, since the lesions of both types of eruption are extremely vascular — prac- 
tically hemangiomas After two to three months these lesions gradually disappear The 
mortality is scry low, although death may occur from hemorrhage or secondary infection 
Verruga peruana may follow recovery from Oroya fever, but m many cases there is no pre- 
ceding severe illness It is thought, however, that the eruption is pri ceded by a general- 
ized infection which was mild and unrecognized 
r>u>iMio!.cx,Y or iUnTuvELUvsis. The disease is limited to mountain valleys in the 
Andes, chiefly in Peru, although it also occurs in Ecuador and Colombia. It is limited to 
altitudes ranging from £00 to 5000 meters, corresponding closely to flic distribution of the 
probable vectors. In these restricted areas the infection seems to be practically universal, 
and strangers entering the areas at night arc almost certain to contract the infection un- 
less effectively protected from mscct bites. The vectors arc believed to be sand flics {/%/<*- 
botomut verrttcarum and P noguchu). The organisms have been isolated from these in- 
sects, but the crucial experiment of actual transfer to man by the bite of a sand fly 
apparently has not been carried out. Battistrni (1931) and Hertig (1937), however, re- 
ported the transmission of the infection to monkeys by the bite of Phlcbotomus, 

Positive blood cultures have been obtained from apparently healthy individuals, some 
of whom had recovered from a previous attack of the disease, whereas others gave no 
such history. In one community 10 per cent of the individuals tested were found to be 
carriers These observations indicate that human carriers probably constitute an important 
reservoir of infection 

Recovery from either type of die disease appears to confer a substantial degree of im- 
munity from both. Attempts have been made to produce an active immunity by the ad- 
ministration of formohzed vaccine, apparently with some success at least in ameliorating 
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the course of the subsequent infection. Of one group of 22 vaccinated individuals care- 
fully studied and later exposed to the infection under natural conditions, Howe and 
Hertig (1943) subsequently obtained positive blood cultures from 12, all of whom showed 
some manifestations of a mild infection. 

In Colombia the species of Phlebotomus believed to be vectors in Peru have not been 
found, and it seems probable that transmission there was effected by some other species. 
It is probable also that the infection was introduced by human carriers rather than by 
these insects Little is known as to the capacity ot other species of Phlebotomus to convey 
the infection Species which bite man are widely distributed, however (they have been 
reported in Texas), and the possibility that they might bring about a much more wide- 
spread distribution of the infection must be considered (Weinman, 1946). 



CHAPTER 8 


Filtrable Viruses 


The nature of the filtrable viruses and chcir relationship to ordinary bacteria, 
on the one hand, and to inanimate substances such as enzymes, on the other, is 
still controversial. It is impossible to formulate a satisfactory definition which 
well include all the objects or substances commonly regarded as \ iruses and 
exclude all others. It is possible, however, to enumerate certain characteristics 
which most students regard as fundamental and which sene as a working, if 
inadequate, definition The viruses under suitable conditions will pass through 
filters which retain ordinary bacteria (although some of the smallest bacteria 
will pass through the coarser filters) They will grow and multiply only within 
the living cells of a suitable host (although this is also true of certain protozoa and 
the pathogenic rickettsiae, which arc not filtrable and are not usually regarded as 
viruses). They arc capjble of indefinite multiplication under such conditions, and 
they show 3 tendency to undergo alterations or mutations which may markedly 
change their characteristics and make possible their adaptation to new hosts or 
to other changes in thetr environment. There is no evidence that viruses arise de 
novo, but only from pres musly existing virus. 

The viruses constitute a htghly heterogeneous group. The larger viruses, such as 
those of psittacosis and vaccinia, arc organisms in the sense that they possess some 
structure analogous to that ot bacteria, and may be regarded as the “midgets of 
the microbial world" (Rivers) In the case of the smaller \iruscs, such as that of 
tobacco mosaic disease, the ultimate virus particles are single, huge nucleoprotem 
molecules which arc not combined into structural units and obviously differ fun- 
damentally from everything which has hitherto been regarded as a “living 
organism.” Whether such viruses may be regarded as “living” depends to a great 
extent upon the definition of the term 

General Properties 

Filtrability. The viruses, on account of their minute size, are capable of passing through 
filters that arc impervious to ordinary bacteria. (The technic of filtration and the various 
types of earthenware and porcchm filters arc described on p 917) The passage of the 
virus through sw.lv a filter, however, depends not only upon its size, but aho upon a 
number of physicochemical factors in the filter and in ihc virus suspension The chemical 
composition and viscosity of the medium, the duration of filtration, the degree of pres- 
sure used, and the temperature at which filtration is carried out influence the result. The 
relationship of the electrical charge of the virus particles (which is influenced m turn by 
the pH of the medium in which they arc suspended) to that of the filter is a very impor- 
tant factor. Such suspensions, moreover, conum extraneous prorein material upon which 
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the virus may be adsorbed. Although filtration in this way affords a convenient method 
of obtaining the virus relatively pure and free from ordinary bacteria, it is impossible to 
draw precise conclusions as to its size from the porosity of these filters. 

The ability to pass through such filters docs not differentiate the viruses sharply from 
the bacteria, since some of the latter may also be filtrablc. Certain of the smaller bacteria, 
such as Dtahster pnenmosmtes and the organisms of pleuropneumonia and agalactia, will 
pass through the coarser grades of filters. The slender, flexible spirochetes may work their 
way through the pores, particularly when filtration is prolonged. Some species of bacteria 
have been shown to exist in a minute, filtrable form from which typical organisms may 
develop in subsequent cultures These forms have been considered by some to be a phase 
in the life cycle of bacteria. 

Ultrafiltration. Ultrafiltration with collodion filters has been utilized by Elford as a 
means of determining the size of various viruses. Filtration through these membranes is 
not affected by extraneous factors to the same extent as that through the earthenware 
types By variations in the proportions of an acetone solution of collodion and an cther- 
alcoho! mixture, membranes can be made of graded porosities. The technic of preparing 
them is complicated, but the membranes obtained with each of the different mixtures 
have a uniform permeability. 

Purification of Virus Suspensions. Virus suspensions, whether obtained from the animal 
body or from virus tissue cultures, necessarily contain much extraneous cellular detritus 
and protein which is not entirely eliminated by filtration. These substances interfere 
seriously with the study of the viruses, and purification of such suspensions has been at- 
tempted by various methods. In some cases the virus may be adsorbed completely by the 
addition of a small amount of kaolin or animal charcoal or aluminum hydroxide. The 
virus may then be eluted by suspending the kaolin in a weak solution of ammonium hy- 
droxide. The kaolin is removed, and the solution neutralized. These substances, however, 
also adsorb some protein, and the suspension is not strictly protein-free. 

The most useful method of concentrating a virus suspension and obtaining it in rela- 
tively pure form is by differential centrifugation in an ultracentrifuge. These centrifuges 
can develop a force 200,000 times that of gravity, can bring about the sedimentation of 
particles or molecules with a molecular weight of 1,000,000, and can concentrate mole- 
cules with weights of 20,000 or more. Purification is not complete, however, and if there 
are particles or molecules of tissue protein of the same size as the virus, they will be sedi- 
mented with it From the rate of sedimentation it is possible to calculate the size of the 
virus particles, if certain other properties (shape, density, etc.) are known. 

Tobacco mosaic virus and a few others have been concentrated by salting out wit 
chemical precipitants, but there is some alteration of the virus, and most viruses arc inacti- 
vated by such procedures 

Size. Measurements of the viruses in earlier studies were made indirectly, since their 
size precludes the possibility of observing them by ordinary light. Particles smaffer than 
200m^i (one-half the shortest wave length of visible light) cannot be precisely delineate 
By using the electron microscope, it is possible to obtain photographs showing the size, 
shape, and to a limited extent differences in density within much smaller objects, and in 
this way many of the viruses have been directly measured. Some technical difficulties arc 
encountered, however. It is not possible by direct inspection to determine whether f c 
particle represents the “pure” virus or a tissue particle to which the virus is adsor 
Unless the virus is in a relatively pure state, it may be difficult to differentiate virus par ^ 
clcs from other particles in the suspension. Also it is necessary to use dried fi ms, » 
which an uncertain amount of distortion of the virus particles may occur. The figures ^ 
tamed by direct measurement, however, usually agree reasonably well with f . '*** 
calculated from data obtained by centrifugation, ultrafiltration, and diffusion expense > 
although there are some discrepancies The known viruses range in size from the v 
of psittacosis, with a diameter of 275mp, and a weight (molecular) of 8500 mi ton. 
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that of foot-and-mouth disease, with a diameter of 10m ft and a molecular weight of 400,- 
000, Tobacco mosaic virus, according to Stanley, has a molecular weight of 43,000,000 and 
has the shape of a slender rod, 250 X 15mj*. Most of the viruses, however, are known or 
assumed to be approximately spherical 

Cultivation. A number of viruses have been propagated in tissue cultures containing 
susceptible tissue cells Some of the viruses seem to require a medium in which there is 
actual proliferation of cells, whereas others need only the presence of living cells. It may 
be necessary to provide tissue from a susceptible species of animal, and even a special 
tissue from such an animal may be required A medium containing minced chick embryo, 
fresh plasma, and Tyrode’s solution is suitable for many of the viruses. Many will grow 
on the chorioallantoic membrane of the developing chick. The tissue cells in these cul- 
tures may show inclusion bodies similar to those found in the animal body As a rule, the 
virus causes no conspicuous change in the appearance of these cultures, and multiplication 
must be demonstrated by animal inoculation None of the viruses has been grown m any 
lifeless medium 

Chemical Nature. This has been studied chiefly in the case of tobacco mosaic virus and 
other related viruses, and vaccinia virus, because these are substantially the only viruses 
which have been obtained in a relatively pure state in sufSctent quantity to make accurate 
analyses possible. Stanley (1935) obtained the tobacco mosaic virus in crystalline form 
It was found to be a nuclcoprotem with a molecular weight of about 40 million From 
hydrolysates of this protein, Stanley and associates isolated definite and constant amounts 
of 1 3 different amino acids, as well as 6 per cent of nucleic acid of the type which occurs 
tit yeast Material having the same composition was obtained, regardless of whether the 
virus was derived from tobacco or from other plants which are susceptible to it On the 
other hand, certain variant strains regarded as mutations were found to contain relatively 
di/Terent amounts of certain of these amino acids or to have acquired an amino acid 
which was not present in the original strain The virus resists heating to 90* C. It is re- 
garded by some as a self-propagating enzyme rather than a living substance. 

The elementary bodies of vaccinia have been shown, particularly by Rivers and as- 
sociates, to have a more complex chemical structure. Several distinct antigens have been 
demonstrated. In addition to protein, these bodies have been shown to contain fat, thy- 
monucleic acid, copper, riboflavin, and biotin. They therefore seem more comparable to 
the bacteria than to the simplest viruses 

Toxic Substances. It has been shown in the case of lymphogranuloma venereum (Rake 
and Jones, 1944) and influenza viruses (Hcnlc, 1946) that the injection of huge doses of 
active virus into mice may be followed by the early death of the animal with symptoms 
of intoxication Extensive degenerative changes were found in ihc organs, including the 
liver and spleen, which are not ordinarily invaded by the virus and in which no propaga- 
tion of die virus could be demonstrated It was not possible to separare the toxic from 
the infectious activity of the virus, although during inactivation of influenza virus in- 
fectivity may be lost before toxicity is destroyed The toxic property was neutralized by 
homologous immune serum, in the ease of influenza in high dilution, and mice could 
be protected by preliminary vaccination. 

Inclusion Bodies. In many of the virus diseases peculiar structures called ‘'inclusion 
bodies" may be seen within the cytoplasm or the nucleus of the injured cells. They arc 
easily seen in sections stained with Gicmsa's, Mann's, or Castaneda’s stain, and their 
demonstration is of great diagnostic importance. Examples of cytoplasmic inclusions are 
the well known Negri bodies in rabies, the Cujrmcri bodies in the epithelial cells ttt the 
lesions of smallpox and vaccinia, the psittacosis bodies, and Ihc Bollinger bodies of fowl 
pox. Acidophilic intranuclear inclusions are found in yellow fever, Rift-Valley fever, 
herpes zoster and febrihs, cbiehenpox, and a number of virus diseases of animals 

The nature of these bodies is still debated. Many believe that they are aggregations or 
“colonies" of the virus, whereas others consider them to be merely products of a cellular 
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reaction stimulated by the v inn. The presence of the virus in some of these inclusions 
lias been prosed l»> anmtil inoculation, but it may be assumed that protein dementi of 
the host enter into their composition. 

ricmcmary Bodic*. The IJolhngcr bodies of frml pox, when projvrrly stained, are seen 
to be filled with large numbers of minute cnccoid bodies Jjing in an amorphous matrix 
and surrounded by a lipoid cjpsulc. Thcie srxallcd elementary Ixxlies (or Itorrel bodies) 
arc belies ed to be actual sirus particles. They are almost at the limit of visibility. Leding- 
lum lias shown that these IJorrcl boshes are specifically agglutinated by immune sera. The 
Paschen corpuscles of variola and vaccinia, and similar elementary bodies occurring in 
psittacosis, are also believed to represent the actual virus. 

Viability. The viruses arc apparently destroyed by various physical and chemical agents, 
such as heat, ultraviolet light, and various disinfectants, in much the same svay as are 
bacteria Some viruses, such as that of infectious hepatitis, resist heating to 60* C, Viruses 
arc very resistant to intense cold anti to desiccation, hosveser, and may remain viable out- 
side the body for long periods Many viruses retain their viability for long periods in 50 
|xrr cent glycerin, whereas the vegetative forms of bacteria arc kilted within a short tme. 
The best method of presets mg most viruses consists of freezing, desiccating in vacuo, ar.d 
storing in sealed tubes at a temperature of --76* C. 

Adaptation. Many of the viruses arc pathogenic for only a single species of animal, 
whereas other species are relatively immune. Some viruses, however, have a remarkable 
ability to adapt themselves to a different species, and with this biologic modification 
often show an alteration of their characteristics so that they no longer behave in tit 
same way toward the original host. Tor example, the virus of smallpox, after adaptation 
to the calf, produces vaccinia and not smallpox when remoculated into man, although 
the immunity produced protects from both diseases. Hie virus of )ellosv fever, which 
naturally is highly pathogenic for monkeys and causes extensive lesions in the liver and 
other viscera, after serial passages through mice by intracerebral inoculation tends to 
lose its viscerotrnptc properties and become largely neurotropie. Repeated passages throtich 
tissue cultures and cluck embryos resulted in more marked alterations, so that a stra-n 
was obtained (17 I)) which has relatively little pathogenicity, but lias been used success- 
fully on a vast scale for the immunization of human beings. Analogous changes have been 
observed in many viruses Such changes arc believed to be the result of mutations. K 
such a mutation occurs anti environmental conditions arc sufficiently favorable, it will 
outgrow and eventually replace the original strain which gave rise to it. In some cases 
such mutations occur with considerable regularity and can be reproduced practically ** 
will. In others, it appears to base l*ccn the result of a biologic accident, and has not b« n 
reproducible Thus it is stated tliat attempts to reproduce a strain of yellow fever virus 
similar to 17 0 from other natural strains of virus have been unsuccessful. 

Immunity. Recovery from a virus infection is followed by some immunity from rein- 
fection. In the case of some infections, such as yellow fever, the degree of 'irotectiott 
marked and the duration probably life-long. In others, such as dengue, the common CO > 
and influenza, the protection is brief and relatively slight. After recovery t jc senws tf" 
quires the power of neutralizing the virus. Such scrum will protect animals if 
along with or just prior to inoculation of the homologous virus, but has little or no eft« 
after the development of symptoms After virus has once entered the cells, it seems to 
protected from the action of antibodies in the scrum of the host. The immunity is spea c 
for the particular virus concerned, and in some cases (as foot-and-mouth disease an R* 
fluenza) for the particular type of the virus Such sera may show specific agglutinating o 
precipitating and complement-fixing properties if suitable preparations of antigen a. 
available for such tests. , , . j t 

The reasons for such marked differences in immunity arc not definitely estatnisn - 
has been suggested that Itfe-long immunity is associated with persistence of virus vu 
the body. There is some reason to believe that, at least in the case of some disease , 
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Some of the viruses stimulate cellular proliferation (common warts, various 
fowl tumors, etc.) whereas others produce necrosis (yellow fever, Rift-Valley 
fever). Some of the viruses, such as that of foot-and-mouth disease, show a 
marked selectivity for one particular type of cell, whereas others parasitize the 
cells of various tissues. 

Classification. Attempts have been made to classify the viruses by their affinities for cells 
derived from the different embryonic layers. These affinities, however, may vary in dif- 
ferent species of animals, and some of the viruses isolated from one type of tissue may 
be adapted artificially to another type. There is, nevertheless, a fairly well-defined group 
affecting only cells derived from the ectoderm. In this group are the viruses of the com- 
mon wart, molluscum contagiosum, and trachoma, which parasitize exclusively the cells 
of the skin or mucous membrane (the dermotrapte viruses ) ; the viruses of variola, vac- 
cinia, varicella, herpes zoster, and febnlis, which may affect the nervous system as well as 
the skin; and the viruses of rabies, epidemic encephalitis (St Louis type), poliomyelitis, 
and certain diseases of animals which affect the central nervous system (the ncurotropic 
viruses). The viruses of Rift-Valley fever and yellow fever may parasitize cells from all 
the embryonic layers, and from these viruses variant strains having a particular predilec- 
tion for the central nervous system have been produced. The influenza viruses are prac- 
tically restricted to the epithelium of the respiratory tract 

Laboratory Diagnosis of the Vicus Diseases. The presence of a filtrablc virus 
in the body may be determined by the inoculation of blood, tissue, or other 
material into animals belonging to a species known to be susceptible to the sus- 
pected virus. (See Table 2, p. 22, for a list of suitable animals and methods of 
inoculation.) Some of the viruses are pathogenic only for monkeys, and others 
have been transmitted only to human volunteers. The symptoms and pathologic 
lesions in the inoculated animals may be sufficiently distinctive to identify the 
virus, and the identification is confirmed if control animals receiving a known 
virus-neutralizing serum in conjunction with the unknown virus are protected. 
The demonstration of cytoplasmic or intranuclear inclusion bodies in sm eats o: 
sections from the inoculated animals is also of importance in the diagnosis bf the 
diseases in which they occur. In rabies the demonstration of the Negri bodies in 
the brain of the suspected dog as well as in -that of inoculated animals is the 
most important diagnostic procedure. 

Laboratory animals are subject to natural virus infections. Such a virus may be present 
in latent or masked form but be stimulated to produce an active infection in the anmu 
by the manipulations involved m the inoculation of foreign material. It is therefore acces- 
sary to identify the virus obtained before valid conclusions can be drawn from sue 
periments. _ , . j 

The presence of virus-neutralizing antibodies in the serum of patients may be u 1 ^ 
for diagnosis The serum to be tested is mixed with a suspension of the known virus, a 
varying amounts are injected into a senes of susceptible animals. Controls with a 
normal and known immune serum should be made Complement fixing, agg utina » 
and precipitating antibodies have been found in the serum in a number o e "Vj 
diseases, and when suitable antigens are generally available, their demonstration 
become a useful diagnostic procedure. » . jj 

Hypersensiuveness to the proteins in virus-containing material from buboes, mocu ^ 
mouse brain, and culture has been demonstrated in lymphogranuloma inguinale, an 
traderma! tests are of great value m diagnosis. 
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Serum Treatment. Immune sera have been used successfully m prophylaxis in a number 
of the virus diseases. The results of treatment, on the contrary, are unsatisfactory, as 
might be expected from the pathogenesis of these infections. 

Smallpox, Alastrim, and Vaccinia. These diseases arc caused by closely re- 
lated viruses which are filtrable under suitable conditions. The three viruses are 
closely related antigemcally Recovery from any one of the infections is followed 
by an immunity from all of them, and the serum contains virus-neutralizing, 
agglutinating, precipitating, and complement-fixing antibodies which arc active 
against all. 

Smallpox. Smallpox virus stimulates the formation in the infected cells of 
eosinophilic inclusion bodies, Guarmrri bodies, which are easily recognized 
microscopically. They are from 1 to 20/i in diameter, and contain many minute 
elementary (Paschen) bodies, about 0-25/* in size. The latter are believed tq rep- 
resent the virus particles. Similar inclusions are found in vaccinia and in alastrim. 
Monkeys arc susceptible to inoculation with smallpox virus, but other animals 
usually are not. 

The incubation period is 7 to IS days, often 12. Diagnosis is based chiefly on the 
distribution of the focal eruption which begins the third to the fifth day. This is 
most abundant on the exposed and extensor surfaces, face, backs of hands, fore- 
arms, more on shoulders than abdomen, etc. The character of the individual lesions 
and the history, as to vaccination or immunity, may be very deceptive. The virus 
is present not only m the skin but also in the nasal and buccal secretions, and the 
disease is communicable before the vesicular rash appears, 

The following inoculation tests may be of secondary but uncertain aid in diagnosis 
Paul's test The contents of a vesicle or pustule are inoculated info the cornea of a rab- 
bit After from 48 to 72 hours the eyeball is enucleated, fixed in strong sublimated alco- 
hol. and examined for the characteristic whitish papules Typical Guarmen bodies may 
be found m the corneal cells Negative reactions are obtained in about half the cases 
ecg Test Inoculation from lesions to the chorioallantois of the developing chick embryo 
may help in early purpuric toxic eruptions before the focal cAiption but loses valuable 
hours. 

mc kinnon'j test Material from a lesion of the patient is inoculated intradermaliy into 
a normal rabbit and into a previously vaccinated rabbit. If the material contains the virus 
of smallpox, a red swelling develops in the normal rabbit in about four days and disap. 
pears by the twelfth day. The vaccinated rabbit show* no reaction or only a red nodule 
that disappears rapidly. 

Alastrim. This is a mild form of smallpox which is widely prevalent in certain 
tropical regions and has been introduced into countries in the temperate zone, 
including the United States and Great Britain. The mortality is less than 0.5 per 
cent. With rare exceptions it runs a mild course when acquired by unvaccinated 
individuals, and thus differs from the mild form of ordinary smallpox as seen 
in vaccinated persons, which may give rise to a severe form of the disease. Vac- 
cination protects from alastrim. Large bodies of well-vaccinated marines of the 
U.S. Navy were perfectly protected in the midst of a Haitian epidemic. 

Vaccinia. Vaccinia, it ts generally agreed, is smallpox which has been perma- 
nently modified by passage through the calf, probably as the result of a mutation. 
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the broadest redness occurs and passes in three to seven days after vaccination. 
Vesicle formation occurs. 

3. Immediate reaction or reaction of immunity, which indicates full protection 
from smallpox. In this the broadest redness occurs and passes in 8 iO 72 hours 
after vaccination. A slight elevation of the shin can be fc/t by passing the finger 
lightly oxer the xaccinatcd area. Vesicle formation is usually absent. This reac- 
tion can be simulated by a sensitivity reaction with inert vaccine, but fully potent 
vaccine usually gives a sharper reaction. Immunity is indicated only if one knows 
the \accme is fully potent. Fully potent saccine ghes at lease 50 percent xaccinorrf 
reactions in persons who had a successful reaction or smallpox itself not less than 
10 years previously. 

Varicella. This disease is presumably caused by a filtrable virus, although 
actual filtration has not been demonstrated Inoculations of both man and monkeys 
with bacteria-free fluid from the vesicles, however, have produced the disease. 
Acidophilic intranuclear inclusions similar to those found in variola can be seen in 
the affected cells. 

The relationship of the situs to that of herpes zoster is still controsersh J Chnical ob- 
servations on the association between herpes zoster and outbreaks of chickenpox hast 
suggested that the etmlogic agents might be identical Recent reports on the results of 
complement fixation tests in the two conditions support this xiew, but it is not generally 
accepted at present. 

Herpes Zoster. This is due to a xirus sxhich has not been shown to be filtrable. The 
disease has been transmitted exj*cnmcntally from one indmdual to another, and by inocu- 
lation of human skin grafted onto the chorioallantoic membrane of chick embryos (Good- 
pasture) Intranuclear cell inclusions indistinguishable from those of xanedia can be 
demonstrated 

Foot-and-mouth Disease. Foot-and-mouth disease is a highly contagious 
disease of cattle, pigs, sheep, and goats anil is characterized by a \esicujar erup- 
tion in the mouth and on the feet and udders. Occasionally man contracts the 
infection by contact with infected animals or by drinking raw milk containing 
the situs it is of interest that the disease is ibe first infection in animals found 
to be caused by a filtrable xirus (Loc/fler and Frosch, 1898). 

The sirut is present in ihe vesicles and in the wins, excreta, and milk fn die pretes- 
ictilar stage u has been found in the Mood In some instances the xirus has been demon- 
strated in animals some time after rccosery from the disease 

The properties of die xirus luxe been studied particularly in fngbnd and on the con- 
tinent in recent years It is the smallest xirus known, the si/e being estimated at from 
ft to 1 2m f (. It ts ratify demoted by heat anti does not ssithstand pasteurization It if, 
huwrscr, resistant to desiccation, and for this reason, in part, epidemics among catile are 
extremely diflicult to control The xirus fus been cultivated m a medium containing the 
lips, tongue, pads, or skin of embryo guinea pigs, but teems to require particular tissue 
from a susceptible specie* of animal (Maitland) Three type* of the sirus hast been dif 
ferrmiated immunological!), O, A, anil C, and the immunity developed in an animal 
after recoscrx from infection due tu one o! these types does not extend to other type* 

I lypertnxmunc scrum prepared with these t»i<c* fus been ined firr prophylaxis and for 
treatment in cattle Vaccination with formalized strut or serum sirus mitfures produce* 
an as lit c immunity andhas!>ccn used to a limned extern in I ur<>pe 
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Common Wart (Verruca Vulgarii). The epithelial edit of the common » art have broi 
shown to contain inclusion bodies, and Kingery and Wile have obtained a filtrable virus 
which appears to be the ctiologic agent. 

Herpes Fcbrilis (Simplex). In this infection a filtrable virus is constantly present in 
the local lesions and sometimes in other tissues, including the central nervous system. 
Intranuclear inclusion bodies can be demonstrated in the affected cells. The virus has 
been grown in suitable tissue cultures, and grows readily on the chorioallantoic iron- 
branc of the chick embryo. Inoculation of material containing the virus on the rabbit’s 
cornea causes a severe keratitis, and with many virus strains an encephalitis A few cases 
of human encephalitis due to herpes virus fiavc been reported. Animals which recover ire 
immune. 

It has been shown, by Burnet among others, that infection is commonly acquired « 
early childhood, presumably from contaminated sain a of infected adults h often appeats 
as an acute apthous stomatitis Neutralizing antibodies appear in the serum in high titer, 
but tins docs not eliminate the infection which persists indefinitely in the tissues, often, 
probably, throughout life, without causing appreciable damage to the host. Conditions ire 
therefore almost ideal for the perpetuation of the virus, and it represents the most per- 
fect known adaptation of a virus to the human host. 

tpidcmic Keratoconjunctivitis. This is a mild infectious disease which is com <y«l 
from i*crs«n to person bv direct contact and is prone to appear in epidemic form in rto 
who are working in close contact under unhygienic conditions — "ship-yard conjunctio- 
ns” The initial manifestation is an acute conjunctivitis characterized by intense conges- 
tion, edema, and a scanty nonpurulcnt exudate, which in 50 to 65 per cent of the cases u 
followed after one to two weeks by a punctate keratitis in one or (successively) both eyes 
Discrete areas of infiltration about 0.5 mm in diameter appejr just beneath Bowman * 
membrane, mainly in the central area of the cornea. Ulceration is very' rare, but the in- 
filtrates often persist for months, in some cases indefinitely, and cause substantial dimsBU- 
lion but not total loss of vision. Uy intracerebral inoculation of material from the ej« 
of two human subjects, Saunders (1942, 1943) succeeded in establishing the infection w 
mice. The agent was filtrable through membranes with a pore diameter of 75m^ Saun- 
ders reported reproducing the disease tn one human volunteer and in two rrwnkep t>J 
inoculating the virus into tne conjunctiva. The virus was neutralized by serum from con- 
valescent patients. 

Encephalitis. Encephalitis in man may be caused by many different agents, t 
may occur as a complication or unusual manifestation of a number of situs infee 
lions (such as measles, mumps, vaccinia, lymphogranuloma venereum) > n w ’ 
tissues other than those of the nervous system arc primarily involved. In other in 
fections the virus is fundamentally ncurotropie, and manifestations of encepn 1 
constitute the usual clinical picture. Of these the well-established types occu j , |j^ 
in the United States arc the Economo and St. Louis types of encephalitis, an 
Eastern and Western types of equine encephalomyelitis. Also important arc _ 
Venezuelan type of equine encephalomyelitis, the Japanese type B enccph ’ 
and the Russian spring-summer encephalitis. The West Nile virus and the 
Forest virus are related viruses isolated by Smithburn et al. in Africa, but t c 
they may play in human disease has not been established. These viruses ar ^ 
distinguishable antigcnicallj\ but some are so closely related as to suggest that 
are variants of a common ancestor. „ -^j s 

Epidemic Encephalitis (Type A) op Economo, "Lethargic Encephalitis. ^ 
was first recognized after the influenza epidemic of 1918. The acute stage IS c 3 



F1LTRABLE VIRUSES 


199 

terized by fever of varying degree, somnolence, occasionally by delirium, cranial- 
nerve paralyses, ophthalmoplegia, oculogyric crises, and many other manifestations 
of bratn injury. It is frequently followed by psychic disturbances, mental deteriora- 
tion, or a Parkinsonian syndrome. These sequelae may follow an acute attack 
closely, or after a symptomless period of months or years, and they pursue a slow 
but relentlessly progressive course as a “chrome encephalitis." Neither the etiologic 
agent nor the mode of transmission of this type is known. 

Epidemic Encephalitis of the St. Louis Type. This disease occurred as an ex- 
tensive epidemic in St. Louis rind us vicinity in 1933 and again in 1937. The onset 
is usually abrupt with high fever, headache, vomiting, muscular rigidity and 
tremors, mental confusion, lethargy or delirium, and often paralyses, which, how- 
ever, rarely involve the eye muscles. The mortality has been about 20 per cent, but 
recovery is usually complete, and the serious sequelae of the Economo type rarely 
ti ever occur. The incidence and Mortality increase with advancing age, and chib 
dren are relatively spared Autopsies in man and animals show perivascular ac- 
cumulations of cells and degeneration of nerve cells m the brain and upper part 
of the cord. 

In 1934, by intracranial inoculation of filtrates into rhesus monkeys, Muckcnfuss, 
Armstrong, and Webster demonstrated a filtrable virus in the brain of subjects 
whose death was due to this type of encephalitis. Swiss white mice are also highly 
susceptible to intranasal as well as intracerebral inoculation, and the virus can be 
cultivated on the chorioallantoic membrane of the chick embryo. The virus has 
not been obtained from the spinal fluid, blood (of man), or nasopharyngeal 
washings. By filtration experiments Muchenfuss et al. estimated that the virus 
particles were 22 to 33mji in diameter. Specific neutralizing antibodies appear m 
the serum of the convalescent patient, and a rising antibody tiler is regarded as 
proof that the individual has been infected with this virus. This may be demon- 
strated by mouse-protection tests, or by inoculation of chick embryos with serum- 
virus mixtures. By this means Blauner and Hcys (1945) demonstrated the occur- 
rence of sporadic cases of the disease (m 12 of 66 cases of encephalitis carefully 
studied) m the St Louis area between 1939 and 1944, indicating the presence of an 
endemic focus in this region 

trior miolocs In 1941 Blattner and Heys demomtrattd the transmission of the virus 
to mice by the bite of the lick Drmiacenior tenabtht The virus was irammitted through 
the eggs to the third generation of ticks In 1939 and 1940 an extensive epidemic of en- 
cephalitis in man and horses occurred «n the Yakima Valley, Washington, due to both the 
virus of St. Louis encephalitis and that of the Western type of equine enccphalomycltm 
Itammon ct a! (1941, 1943) isolated both type! of virus from '‘wild" Culex Uriahs mos- 
quitoes taught sn this region. Both have also been demonstrated in trapped Cider ptfiem 
mosquitoes St Louis virus lui been transmitted experimentally j,y bites of infected mos 
quiloes of both these species as well a< by species of Acdrs anti Cuhseta. Cttlex pptcni « 
very common in the St l-mii* district and is probably an important vector in that tejpon 
7Vrc i< no proof, hmvcirr, fh.it the virus can be maintained m fltoc mo«q«««e* 

St Linn encephalitis, as well 3s the types of encephalitis discussed in the following 
pjjjri. «i mint prevalent >» the summer and fall when the arihropod sector* arc most 
numerous The Lconortuv type, on the other fund, b most frequent in the w mice. 
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In order to determine reservoir hosts, Hammon et al. (1942) tested the neutralizing 
power of blood obtained from a large number of wild and domesticated mammals and' 
birds and obtained positive results for both viruses ( the St. Louis and the Western equine) 
in a large percentage of animals, particularly in the domesticated group Most frequently 
positive were the duck, goose, pigeon, turkey, and chicken. Chickens are easily infected 
by subcutaneous injections of small amounts of either virus, as by bites of infected mos- 
quitoes, but rarely show manifestations of infection. However, if blood is taken 16 to 6 \ 
hours after injection of the virus, it regularly causes encephalitis in mice after intracerebral 
injection, and protective antibodies develop later in the blood of the chicken Hammon 
and associates therefore regard domestic fowl as an important reservoir of infection 
Howitt (1942) obtained similar results in a study of these infections in California. This 
view also receives support from the work of Smith, Blattner, and Heys (1944, 1945), who 
isolated the St. Louis virus from chicken mites ( Dermanyssus gdlinac) from three areas 
near St Louis during a noneptdcntic period. They also demonstrated the congenital 
transmission of the virus in these mites. 


This evidence indicates that both St. Louis encephalitis and Western equine 
encephalomyelitis are naturally diseases of birds (fowl) which are well adapted to 
the virus and suffer little from it. The vectors are biting arthropods, including 
Culex mosquitoes, and possibly chicken mites and ticks, of which the latter two 
might also be reservoirs of virus. Infection of man or the horse appears to be a 
biologic accident, but as these mammals have not become adapted to the virus 
they commonly suffer serious illness from the infection. 

Equine Encephalomyelitis of the Western Type. This disease was first studied 
by Meyer (1930) in an epizootic among horses in California, He isolated the virus 
and demonstrated its pathogenicity for mice, rats, rabbits, monkeys, and particularly 
guinea pigs. Extensive epizootics have occurred in Minnesota, Washington, an 
other western localities Sporadic cases have occurred in man, chiefly in farmers 
who had been in contact with diseased animals. A fatal accidental infection w a 
laboratory worker has been reported. The virus h3S been transmitted experimenta J 
by mosquitoes (Aedes, Culex, Culiseta), Dermaccntor andersoni, and Tnatoma 
sanguisuga. Culex tarsalis, C. pipiens , and Culiseta inornata have been oun 
naturally infected, bur C. pipiens did not transmit the virus. Clinically the diseas 
in man resembles the St. Louis encephalitis. 


Equine Encephalomyelitis of Eastern Type. This disease has occurred in ^ 

in horses in widely scattered areas along the eastern seacoast of the Unite . Q f 
severe epidemic in man occurred in New England in 1938. Feemster reporte 9 s ^ 
3S cases, all but one in children, of which 25 were fatal. The disease begins a * cvc [ 0 p 
high fever, vomiting, headache, dizziness, irritability or drowsiness, an werc 

muscular rigidity, tremors, and sometimes paralyses, convulsions, and com 3 ^ jjrain 
serious sequelae in some patients who recovered. The virus was obtained ro __ ^ y our 
in some fatal cases and marked protective power was demonstrated m t e * c . ^Jjny 
patients who recovered. It is believed that birds constitute the reservoir o ga puil 
species have been infected experimentally, and the virus has been iso atc “ ^ ^peri- 

conditions m ring-necked pheasants and pigeons. The virus has been con , i$ 

mentally by bites of Aedes mosquitoes,- but with difficulty, and some otner 
thought to be the usual vector . . „ n J r us su. Cb» 

Japanese Type B Encephalitis- This occurs m Japan eastern Chin*, .s® c «,t). 

cally it resembles St. Louis encephalius, but has a higher mortality (about r 
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The virus will infect mice, monkeys, and sheep by intracerebral or intranasal inoculation. 
It is conveyed by mosquitoes. The disease has not been recognized in the United States, 
but neutralizing antibodies have been demonstrated in the serum of some individuals in 
this country. 

Russian Spring-Summer Encephalitis This is caused by a virus which is closely 
related antigenically to the virus of the louping ill of sheep observed m Scotland It is 
conveyed by ticks (Ixodes perndcatus ) The autumnal encephalitis in Russia is identical 
with the Japanese Type B 

Mumps, The virus of mumps appears to be a common cause of encephalitis, particu- 
larly of the milder sporadic cases, under certain conditions Kane and Enders (1945), 
using a complement-fixation test, studied the antibody content of the serum in 51 mis- 
cellaneous cases showing clinical manifestations of meningoencephalitis. Positive re- 
actions were obtained in all of the 17 patients who showed salivary-gland enlargement, 
and also in 16 patients without evident involvement of these glands. Negative reactions 
were obtained in the remaining 18 cases, and some agent other than mumps was pre- 
sumably involved. A previous subclinical and unrelated attack of mumps is not entirely 
excluded, but is not likely to have occurred in all these cases 

Laboratory Diagnosis op Encephalitis A definite diagnosis of the type of encepha- 
litis can be made only by isolation of the virus from the brain after death or by demon- 
strating protective antibodies m the serum during convalescence. In the severer cases 
the blood usually shows a polymorphonuclear leukocytosis The spinal fluid is usually 
under increased tension, may be hazy, and shows an increase in globulin and in cell 
count (50 to 2000). In the early stages of infection there arc often many polymor- 
phonuclear cells but later mononuclears predominate In the Economo type the changes 
are often slight, and the fluid is usually normal in the chronic cases. 

Postvaccinal Encephalitis Since 1922 many cases of encephalitis following vac- 
cination, similar to the types of encephalitis which occasionally follow measles, 
smallpox, possibly other virus diseases, and antirabic immunization, have been re- 
ported. The greatest outbreaks have been reported in England and Holland, where 
infantile vaccination is not general. Most of the cases occur in children and young 
adults who have been vaccinated for the first time. Infants seem to be quite im- 
mune. In England the incidence has been estimated at less than one case m 33,000 
vaccinations. The mortality is slightly more than 50 per cent. 

Symptoms begin 7 to 14 days after vaccination with headache and vomiting. Within a 
week fever, rigidity of limbs, paralyses (first flaccid, later spastic), and coma may follow 
Recovery, even after paralyses have occurred, is usually complete in postvaccinal encepha- 
litis 

Scattered areas of demyclimzation in the neighborhood of the blood vessels, found 
particularly in the cerebrum, midbram, and pons, also in the anterior horns of the cord, 
occur in all of these types of encephalitis and distinguish them from poliomyelitis and 
epidemic encephalitis. 

There are three theories as to the cause of postvaccinal encephalitis- (1) that it is a 
manifestation of vaccinia, (2) that vaccination has activated some latent virus present 
in the body (although such a virus has never been isolated from a case), and (3) that an 
extraneous neurotropic virus has contaminated the vaccine lymph. Most authorities favor 
the second theory Points against the first view are: (1) that the same type of encephalitis 
occurs after spontaneous infection with other virus diseases, and (2) that its appearance 
as a postvaccinal complication is recent, although vaccination has been used for more 
than a century By passing vaccinia virus through a senes of animals by intracerebral 
inoculation, a neurotropic strain can be produced. The histologic changes which it pro- 
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duces, however, are said to be different from those found in postvaccinal encephalitis 
Against the thud theory is the fact that no particular strain of lymph can be implicated 

Benign Lymphocytic Choriomeningitis. In 1925 Wallgren reported under 
the term “acute aseptic meningitis” a clinical syndrome characterized by an acute 
onset; with fever, severe headache, stiffness of the neck, and vomiting. Blurring of 
the optic discs, a positive Kernig's sign, and reflex disturbances sometimes oc- 
curred, but no paralyses. The cerebrospinal fluid showed increased pressure, was 
clear or slightly hazy, and showed a slight increase in globulin and a lymphocytosis 
of from 60 to 2000 (usually about 250) cells. Recovery almost invariably occurred, 
usually by lysis, after one to three (up to seven) weeks. 

In 1935 Rivers and Scott isolated a virus from the spinal fluid in two such cases, which 
Was found to be identical with a virus obtained by Armstrong and Ulhe in 1934 from 
A monkey, and by Traub (1935) from a colony of white mice. The same virus has since 
been repeatedly isolated, but it has been demonstrated as the etiologic agent in less than 
a third of the cases presenting this chmcal picture. It has since been shown by inoculation 
of human volunteers and by clinical studies that the virus causes a systemic infection in 
man, characterized by fever , prostration, and grippe-hke symptoms-— occasionally those 
of an atypical pneumonia. The virus is then present in the blood. In many, probably most 
cases recovery occurs after one to three weeks. In a minority of the cases, sorneiimo 
after a short remission, symptoms of nervous-system involvement appear. Tn rare instances 
manifestations of encephalitis have developed, with permanent sequelae. Autopsy bn 
been performed on a few subjects who died following illness characterized by these 
symptoms, but the identity of the virus was not positively established. 

Recovery from both types of infection is followed after two weeks or more by tw 
appearance of neutralizing antibodies in the serum, and this has been used to identity 
atypical mild cases. Such studies indicate that mild cases are relatively common. Arm- 
strong (1939-1941) reported finding antibodies in Id per cent of 1000 persons who gave 
no history of disease of the central nervous system, and in 26 per cent of 106 pcwM 
with a history of recent infection of the upper respiratory tract. ^ 

Epidemiology. The usual mode of transmission in man is not known. The virus ca 
epidemics in mice under natural conditions. Traub showed that in a colony of white mict 
the virus was transmitted to the young m utero The young mice often showed signs 
illness from which they usually recovered, but adult mice rarely showed any symptc®* 
The virus persisted in the tissues, however, and was excreted in the nasal sCC, ' w °!' ’ 
urine, and feces throughout life. The same is true of gray house mice, and infccte tm 
have been trapped repeatedly in the homes of patients having the disease. Neuuai ^ 
anubodies have been observed to develop in the serum of caretakers of intecte » ^ 

It is probable that the virus can be passed back and forth between the species, an ^ 
seems likely that the mouse constitutes the natural reservoir of the virus, since the 
is better adapted to mice than to man. No direct proof of this is available, °'^f V ‘ ttr 

The virus passes through Seitz pads and Berkefeld V, N, and IT filters. ts ' - [s 
is estimated at 70 to SOm^i or less. It resists freezing and desiccation an rt -a ^ 
infectivity m 50 per cent glycerin for long periods. Alice can be readily mfecte y ^ 
cerebral inoculation, showing signs of illness after six to seven days and 
with convulsions a day or two later. Guinea pigs can readily be infected by s ^ , r 
or intraperitoneal as well as by intracerebral inoculation. Symptoms appeal a ^ 
days; in some there is merely a febrile reaction, in others severe illness wi ayv ^ 
salivation, conjunctivitis, somnolence, and death. The meninges and c. horoi * ^ (fe 

densely infiltrated with lymphocytes, but the cortex shows httie change. J0lPe . 

are areas of interstitial pneumonia, pleural effusions, focal necroses in the me » 
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times myocardial lesions Animals which survive are immune Mice can be immunized 
by subcutaneous injections, but usually show only trivial signs of illness. 

Laboratory Diagnosis. This depends upon the demonstration of the characteristic 
changes in the cerebrospinal fluid, the exclusion of bacteria! t>pes of meningitis by cultures 
and acid-fast stains of the sediment, and the production of the disease in animals by 
injections of spinal fluid either mtracerebrally into several mice or (preferably) sub- 
cutaneously into guinea pigs 

Poliomyelitis. This disease is caused by a filtrable virus which in i large ma- 
jority of the cases appears to be limited mainly to the gastrointestinal tract. Symp- 
toms are usually mild and not distinctive, and these "abortive” cases arc rarely 
recognized except in epidemics m which severe attacks of the disease occur. In a 
relatively smalt minority of the cases the virus invades the nervous system, and 
the familiar severe form of the disease develops. 

Clinical Picture. The incubation period of the severe classical form of the 
disease ranges from 3 to 14 (usually 7) days. The onset is usually abrupt, with 
fever, malaise, headache, and often gastrointestinal disturbances. During this prod- 
romal period there may be signs of meningeal irritation, such as muscular 
twitching or tremor, and stiffness of the neck and spine, but the symptoms are not 
distinctive After two to three days, the characteristic flaccid paralyses appear and 
quite rapidly reach a maximum, from which as a rule an incomplete but often 
substantial degree of recovery slowly occurs Every possible gradation in seventy 
is seen. Death from respiratory failure may ensue if the respiratory muscles are 
extensively involved. 

Patiiolocy. The pathologic lesions in the nervous system consist of localized 
areas of gang! ion -cell destruction with perivascular and interstitial small-cell infil- 
tration of the Iepromeninges and gray matter of the cord Ledingham (1935) be- 
lieves that this infiltration is a secondary response to injury of the nerve cells by 
the virus The lesions involve primarily the motor cells in the cortex, midbrain, 
medulla, and anterior horns of the spinal cord The virus has been repeatedly iso- 
lated from the tissues of these regions. Sabtn and Ward (1941) reported finding 
the virus also in the contents of the descending colon (regularly) and often in the 
pharyngeal mucosa and the washed wall of the ileum, and (once) in the washed 
wall of the descending colon They found it rarely or not at all in many other 
tissues examined, including the nasal mucosa 

Pathocfnicity for Animals A typical poliomyelitis can be produced in monkeys by 
inoculation of filtrates of infected tissues from human beings, cither by the intra- 
cranial, intravenous, mtrapemoneal, subcutaneous, or most readily by the intranasal 
route The sirus can be maintained indefinitely by serial inoculations In the monkey 
experimentally infected, the virus is widely disseminated m tfie early stages of the disease, 
and has been demonstrated in the blood, cerebrospinal fluid, lymph nodes, and naso- 
pharynx In man, however, it has not been demonstrated in the blood or spinal fluid. 
Other laboratory animals cannot be infected by material from human cases In a very few 
instances, however, sucii^as in the Lansing strain, the virus after isolation in monkeys has 
been adapted to mice and then maintained in them by serial intracerebral inoculations 
Such adapted viruses, which are probably mutants, differ from the original strains in 
various respects — for example, in having a lower virulence for monkeys. 
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Epidemiology. Until recently it was believed that the virus was disseminated by 
droplet infection by persons having abortive attacks and by carriers. This was based 
largely on observations in monkeys following intranasal inoculation. In the monkey 
the virus probably penetrates the olfactory cells and passes to the brain centripetally 
through the nerve fibers, which were supposed to serve also as pathways for the 
centrifugal passage of the virus to the exterior (nasal mucosa). There is now strong 
evidence that this occurs rarely if at all in man, and that the gastrointestinal tract 
constitutes the portal of entry and primary locus of infection. It is still disputed 
whether this locus is the pharyngeal mucosa, the wall of the small intestine, or 
both. The virus is present in high concentration in the feces, and survives for long 
periods in sewage. It has been repeatedly demonstrated in the sewage of large 
cities during epidemic periods. Flies may serve as mechanical carriers of the vims 
Actual infection of human beings from these extraneous sources has not been 
demonstrated, although it seems quite possible. There is strong epidemiologic 
evidence, however, rhat in recent epidemics, in which young children were pre- 
dominantly affected, the virus was spread among them by fecal contamination 
Contaminated saliva or pharyngeal secretion, spread by direct contact or by droplet 
infection, is probably also important. The virus has been repeatedly demonstrated 
in the feces and pharyngeal secretion of healthy contacts. 

Mice are subject to a natural infection closely resembling human poliomyelitis. This 
infecuon is caused by a virus (Theilcr’s virus) intimately related to that causing the 
human disease. This virus is likewise present in the gastrointestinal tract and feces it 
has been suggested that the human poliomyelitis virus and Theiler's vims have a common 
origin, and that die human disease originally may have been acquired from mice. There 
is no evidence, however, that at present the viruses can be passed back and forth between 
the species, or that mice or any other animals serve as a reservoir for the usual strains o 
human poliomyelitis virus Jungeblut and Dalldorf (1943), however, in a small epidemic, 
obtained apparently identical filtrable viruses from the brain of one patient and front 
gray mice captured on the premises on which the patient resided. Both viruses were 
readily adapted to white mice in which they caused typical poliomyelitis. Both w«e 
neutralized by sera from three convalescent patients, and in lesser degree by anusera to 
Theiler’s mouse-encephalitis virus and to murine and simian strains of poliomyelitis ure 
originally derived from persons suffering from poliomyelitis. At present, this must 
regarded as probably an exceptional occurrence. 

The factors which determine invasion of the nervous system are not v-cll un 
derstood. Possibly the development (by mutation ) of an unusually virulent or in 
vasive strain may be the determining factor in some cases. The virus pm a 
reaches the brain and spinal cord by centripetal passage through nerve fibers, n ^ 
number of cases tonsillectomy has been followed promptly by a severe attac 
the disease, and it seems probable that minor abrasions or other injuries e^ 
where in the gastrointestinal tract might expose nerve fibers to invasion y 
vjus. .. jj„ 

The virus is one of the smallest known, estimated a4 from 8 to 1 m/ 4 
diameter. There is some evidence that it has a slender rod shape. It is "a 
destroyed by heating to 50° or 60° C. for 20 to 30 minutes. It resists es 
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and lives for long periods in water, milk, or sewage. It remains viable for years in 
tissue preserved in 50 per cent glycerin and kept at 4° C Different strains vary in 
their virulence for animals and, according to Flexner, this may fluctuate inexplicably 
over a period of years. Antigenic differences between different strains have been 
described. 

Immunity. An attack of poliomyelitis confers a lasting immunity, and the serum 
of a human being or a monkey after recovery contains virus-neutralizing antibodies. 
A survey of adult urban populations has shown neutralizing antibodies in a large 
proportion (about 75 per cent) of individuals having no history of the disease. 
This is believed due to a previous subclmvcal or abortive attack, and probably to 
repeated exposures to the virus. 

Laboratory Diagnosis* cerebrospinal fluid. In the prodromal period of the 
disease there may be no abnormality in the fluid obtained by lumbar puncture. Oc- 
casionally the pressure of the spinal fluid is increased With the advent of meningeal 
involvement, however, the character of the fluid changes It is usually clear, or there 
may be a faint haziness by transmitted light. The cell count is increased, varying 
from 20 to 1000, or even 2000 cells per cu mm. At first these cells may be pre- 
dominantly polymorphonuclears, but after 24 or 36 hours these are replaced by 
lymphocytes. The globulin is increased; glucose and chlorides arc normal A deli- 
cate clot may form in the fluid Stained films show no bacteria. The virus has not 
been demonstrated in spinal fluid by animal inoculation. 

blood. During the early phase of the disease there is usually a moderate poly- 
morphonuclear leukocytosis (15 to 30,000) with a reduction in the relative number 
of lymphocytes. The virus has not been found in the blood in human cases, although 
in the experimental disease in monkeys it has been demonstrated m very early 
cases. 

Serum Treatment. Serum treatment has been tried extensively, both by intravenous 
and intrathecal injection, using serum from convalescents and pooled normal adult 
serum The results have been conflicting and unconvincing Intrathecal injections have 
given no better results than intravenous, and some believe them actually harmful All 
agree that serum is useless after paralyses have developed Diagnosis is open to question 
in the preparalytic stage, and it is impossible to predict which patients will develop 
paralysis without treatment Evaluation of the results is therefore difficult In monkeys 
serum has no curative value, even when given very shortly after inoculation of the virus, 
and the same is probably true in man Serum may have some transient prophylactic 
value, but this Is also difficult to demonstrate 
Vaccination. Since Flexner, Amoss, and Rhoads demonstrated that animals could be 
effectively immunised by the injection of an attenuated virus, and by sublethal doses or 
by multiple mtradermal injections of an active virus, vaccination of human beings has 
been attempted Those viruses which have been completely inactivated have shown 
little or no antigenic power in monkeys and presumably would be of no value in man 
Using vaccines which have been attenuated in various ways, but are still viable, the 
production of virus neutralizing antibodies has been stimulated in animals and man, 
presumably with the development of immunity Attacks of poliomyelitis have followed the 
use of such vaccines, however, and the procedure has been regarded as too dangerous 
for general use. Using a virus completely inactivated by ultraviolet radiation, Milzer et al 
(1944) reported the successful immunization of mice, with the development of ncutraliz- 
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mg antibodies in their serum (Lansing strain). The value of vaccines in man has not 
yet been demonstrated. 

Rabies. Rabies is primarily a disease of dogs, wolves, cats, and other carnhora, 
but is communicable to man and domestic animals by the salivary secretions of 
rabid animals. It is conveyed most commonly by bites, but infections have oc- 
curred from the licking of apparently normal skin by rabid dogs. Ep i d emiologically 
dogs are almost exclusively the source of infection. 

In man the period of incubation is stated to be from two weeks to six months, but 
is usually less than six weeks. The first symptoms are irritability and depression, with 
early difficulty in deglutition. These are succeeded by extreme restlessness and hy- 
peresthesia. The dread of drinking water (hydrophobia) is due .to painful reflex spasms 
The temperature ranges from 100* to 102* F. The stage of excitement lasts about two 
or three days and is followed by a paralytic stage which lasts a few hours and ends 
invariably in death. 

An unusual paralytic type of rabies in man and cattle has been reported in Trinidad 
and also in South America. It was shown (Lima, 193-J) to be transmitted by the biff of 
the vampire bat, Dcsmodus rotundas 

In the dog the first symptoms are a change in disposition, followed by excitability and 
often combativeness, and ending almost invariably in paralysis and death within 10 days, 
and often within five days 

Virus of Rabies. Rabies is caused by a neurotropic virus which is filtrable with 
some difficulty through Berkefeld V filters. It can be preserved for months in 50 
per cent glycerin. If frozen and desiccated rapidly it maintains its virulence, but 
if dried at room temperature it loses its virulence within a week. Marked dif- 
ferences in virulence occur in various strains of street virus, and may be produced 
by adapting it to different species of hosts, but all types 3re antigenically relate • 

After inoculation the virus apparently travels slowly to the central ncA’OUS 
tem by way of the axis cylinders of the peripheral nerves. Inclusion bodies are 
practically always demonstrable in the cytoplasm of the cerebral cells. In the °S 
the virus is constantly present in the saliva, which may be infective five days e ft 
symptoms appear. It is believed to reach the salivary glands by way of the ner '“' 
Virus has very rarely been demonstrated in the blood. Remlinger and Bailey .( 
reported demonstrating the virus in two ticks (Ripicephalus sanguineus) w 
had been allowed to bite a rabid dog. In man the virus has been demonstrate 
the saliva by several observers but not by others. It has been demonstrate m 
salivary glands. # . ,. 

Diagnosis. The symptoms and death of a rabid dog are important points in u? 
nosis; therefore, the suspected animal should be kept under observation, 
killed prematurely, the characteristic histologic changes in the brain may n°t ^ 
developed sufficiently to permit a diagnosis to be made. After the antma 1 
head and several inches of the neck should be removed and sent to the 
laboratory. The head may be packed in ice, or the brain may be remove , sec 
and placed in a mixture of equal parts of glycerin and water vvhic 
sterilized by boiling and allowed to cool. This will preserve the virus or mo 
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When examining or handling rabid material all possible precautions must be taken; 
goggles and heavy gloves should be worn, and all contaminated material should be in- 
cinerated To open the skull, the skm and muscles are dissected from the top down to 
the ears Then a transverse cut just back of the eyet a made with a cleaver, other cuts are 
made on either end of this, carrying these lateral incisions back to the ears. The flap so 
formed is removed with bone forceps The entire bram is removed from the skull and 
one hemisphere is incised longitudinally so that a lateral ventricle is opened In the 
floor of this will be found the hippocampus which appears as an elevated mass This 
structure is cut through transversely; it will seem to consist of concentric dark and light 
rings A small piece of a dark ring is removed and placed on a clean slide. It is mashed 
with a second slide and a smear is made by dragging the top slide across the length of 
the bottom slide Impression slides can also be made by pressing a clean slide firmly 
against the transverse area 

The slides are stained immediately (while still moist) in a mixture made as follows 
Basic fuchsia (saturated solution m absolute methyl alcohol) 2-4 mi 

Methylene blue (saturated solution in absolute methyl alcohol) 15 ml 
Methyl alcohol (absolute) 25 ml 

The methylene blue and the methyl alcohol are first mixed ami then 2 ml. of the 
fuchsin are added and a test stain is made Ideally the dun portions of the smear should 
be violet in color rather than blue, 05-mt amounts of the remaining fuchsin solution are 
added until this effect is attained The slides arc dipped in the stain for three to four 
seconds only and rinsed in tap water for another second, then dried without blotting 
The Negri bodies, typical of rabies, will appear as bright-red inclusions within the blue 
nerve cells They may also be demonstrated with Giemia’s stain Occasionally they will 
not be present in the hippocampus but can be found in other areas so that it is wise to 
examine smears from the cerebral cortex and from the cerebellum before rendering a 
negative report. 

If the Negri bodies cannot be found because of putrefaction or other reasons, 
the Gasserian ganglia should be examined. In typical lesions the ganglion cells are 
more or less completely destroyed and replaced by cells of other types. 

For animal inoculations white mice should be used A suspension of the hippocampal 
tissue in saline is made and a series of mice are injected intracerebrally. About 0 03 ml. 

( per mouse is used Intracerebral injections are made by lightly anesthetizing the mouse 
and forcing a tubercuim-size needle just through the skull a little anterior to the can 
and slightly to the side of the midhne Mice die from rabies usually in from 6 to 10 
( days but survivors should not be discarded before the thirtieth day. The brains of those 
dying should be examined for Negri bodies as described above. It is wise to inoculate a 
„ number of mice (three to five) with each specimen because the mortality from trauma 
. after intracerebral inoculations may be quite high. 

TjECRi bomes. Diagnosis depends primarily upon the demonstration of these in- 
clusion bodies in the cytoplasm of the brain ceils. They are practically constantly 
, present and ate characteristic of rabies. They are round or oval m shape, from l to 

f 2Q/i (usually 4 to 10fi) in diameter. They have a homogeneous bluish-staining 

, background containing pink corpuscles which include minute reddish rods and 
granules. They may be found anywhere in the brain, but are most numerous in the 
j following areas, in order; (l) cornu Ammonis (hippocampus major), (2) region 
j of the fissure of .Rolando (tn the dog, the crucial sulcus), and (3) the cerebellum, 
■ (l < In street rabies, large forms (20ft) may be found, whereas m animals inoculated 
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with “fixed" virus, only minute forms (0.5/* or less) may be detected. Negri bodies 
have been found four to seven days before the onset of symptoms. 

Since the relation of the bodies to the nerve cells is more or less disturbed in making 
smears, examination of stained sections is preferable. A bit of brain tissue is fixed for five 
to seven hours in Zenker’s fluid, washed and dehydrated in graded alcohols and chloro- 
form as usual, embedded in paraffin, and sections cut. These m3y be stained with Giemsa'i 
stain. It is necessary to differentiate in 95 per cent alcohol. The Negri bodies are brought 
out as hlac-rcd bodies in the blue cytoplasm of the nerve cells. 

Local Treatment. Thorough cauterization of the dog-bite wound with pure 
nitric acid (no other cautery is efficient) must be carried out as soon as possible 
after the bite, c\cn if Pasteur treatment can be given later. Immunization should 
be started immediately after the bite has occurred, although the mortality has not 
been definitely higher in individuals whose immunization was somewhat delayed 

Pastlur Trcatmlnt. By subdural inoculation of rabbits in scries the virulence 
of the virus for rabbits is finally so increased that the rabbits die in six days It is 
impossible to increase further the virulence of the virus, which is then termed 
“fixed virus.” The pathogenic power of this virus for other animals is also changed 
so that it is not likely to cause rabies if injected subcutaneously. 

To attenuate this virus, the spinal cord of the rabbit is remosed and dried over caustic 
potash at a temperature of 23* C. The cord is divided into segments about 1 inch in 
length. Drying for about 15 days seems entirely to destroy the virus. To prepare the 
material for prophylactic injections a small portion of the cord is emulsified with nortnd 
salt solution By the usual American method the first subcutaneous injection is of a cord 
which has been desiccated for eight days. The treatment is ghen daily for about 20 days. 
The immunity is "active,” and the immunizing agent is a "vaccine.” The aetbity ofthc 
virus can be preserved for about a month by glycerin and cold storage. This method is 
now rarely used in the United States. 

Other methods of treatment are: , , 

1. Harris’ Method. In this the brain and cord are frozen by means of carbon-dioxi e 
snow, ground up, and dried over sulfuric acid for about two days. The virulence o 
virus is reduced one-half. The virus, if kept at 0* C., retains the same potency for at 

six months. ^ , .jj, 

2. Cumminc’s Method. In this the brain is emulsified in saline and dialyze 

formaldehyde solution. The virus is so attenuated that intracranial inocu ation 
not produce rabies. , . 

3. Hooves’ Method The fresh virulent cord is injected but so diluted <o sueng 

it acts as an attenuated virus. , Mrh has 

4. Phenolized Virus Fermi, and more recently Semple, have used 'iru s ' v . . _ 
been inactivated by the application of strong (1 or 2 per cent) phenol. Before .j 
the carbolized emulsion is diluted to preservative strength (0.5 per cent). U» 

is now used extensively for man and for prophylactic immunization of dogs 

Results of Treatment. Only a minority of persons who are bitten by a ra^ 
dog and are not treated develop rabies although the actual incidence is not ^ 
Cornwall reported a series of 423 persons (in India) bitten by dogs now ^ 
rabid, of whom 148 developed rabies. Others, however, believe the usual » ^ 

to be much less than this. Lacerated bites about the face, neck, an U PP 
tremities are the most serious. 
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The mortality from rabies in cases of dog bite which receive proper prophylactic 
treatment is less than 1 per cent. It is practically impossible, however, to secure an 
adequate senes of untreated cases as a control, and the degree by which the mor- 
tality is lowered is not accurately known. This is generally believed to be sub- 
stantial, but there are still some skeptics (Webster, 1942). Andrewes (1944) states, 
“It would seem advisable to keep an open mind in this matter." 

Thus far no one of these methods of immunization has been proved to be su- 
perior to the others. Neutralizing antibodies have been demonstrated in the serum 
of individuals after immunization, but not in victims of the disease. 

A pojtvacdntd encephalitis, similar to that which occasionally follows vaccinia, 
may occur but is rare. McCoy found records of only three cases in a senes of 20,000 
persons treated in this country It has been suggested that this encephalitis is due 
to an allergic reaction to the bram tissue m the vaccine. See p. 294. 

Influenza. The term “influenza" commonly has been used to indicate a clinical 
syndrome rather than an etiologic entity. In typical form it is a highly contagious 
disease coming on abruptly with fever, malaise, prostration, generalized aches and 
pains m the back and muscles including the eye muscles, and signs of irritation of 
the respiratory mucous membranes which may be slight m comparison with the 
systemic symptoms. There is usually a leukopenia and a marked susceptibility to 
secondary bacterial infections, particularly with streptococci, pneumococci, and 
Pfeiffer’s bacilli, which are almost invariably the immediate cause of death in fatal 
cases. 

Illness of this type may appear in great pandemics such as occurred in 1889 and 
1918, in relatively localized epidemics (commonly recurring at intervals of two to 
five years) which may have a high morbidity in the areas involved, and as 
sporadic or endemic cases. Positive recognition of the latter is difficult because of 
the lack of any distinctive physical signs. Epidemiologic evidence suggests that 
during intercpidemic periods the virus is maintained in carriers, but this has not 
been proved. 

Etiology. The cause of pandemic influenza has nor been demonstrated. There 
are many excellent reasons for believing th3t the disease is due to a virus, but 
this is still only an inference. 

By using a susceptible animal, the ferret, Wilson, Smith, Andrewes, and 
Laidlaw (1933) were able to reproduce the epidemic type of the disease by intra- 
nasal inoculation of filtered nasal secretions from influenza patients. They trans- 
mitted the infection serially in the ferrets by intranasal inoculation and by contact, 
but not by any other route. The virus attacks the superficial epithelium of the 
respiratory tract in man and animals, spreading “like a prairie fire," but it does not 
invade the blood stream or the organs generally. In animals, virulent strains may 
cause focal areas of pneumonitis, but in man, in most cases at least, pneumonia is 
believed due to secondary invaders. After recovery the animals are immune to 
reinfection and their serum contains neutralizing antibodies 

In 1934 Andrewes et al produced infection in mice by mtranasal inoculation of virus 
after it bad been established in ferrets Anesthetization increased their susceptibility and 
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predisposed to the development of pulmonary lesions This virus, now known as in 
fluenza A, has since been isolated many times from epidemics in this country and else 
where 

In 1940 Magill and Francis independently isolated from epidemic cases another \trus, 
influenza B, which is antigenically distinct from A. Although virus B has been reported 
less frequently than A, it is widely distributed in this covntry and has been the cause of 3 
number of epidemics. It h3S also been reported in England and Australia 

Subsequent studies indicate that lesser antigenic differences, which may be well marked, 
exist between various strains of A virus, and the latter should perhaps be regarded as a 
group of related viruses rather than a single organism. 

There remains a substantial number, about a third, of epidemic cases from which 
neither A nor B virus can be isolated, and their etiology is not known. The 'same is true 
of most of the sporadic cases. 

Virus of Influenza. The virus passes through the usual filters. Its diameter has 
been estimated at about 120m/a. More recent studies, however, suggest that it is 
probably only one-tenth of this size. Chick embryos are highly susceptible to in- 
fection, and Burnet has utilized injections of filtered secretions into the amniotic 
cavity as a means of isolating the virus from human cases. After the virus has been 
adapted to the chick embryo, it will also grow readily in the allantoic fluid, which 
serves as an abundant source of virus in relatively pure form. Hirst (1941) showed 
that active virus causes agglutination of chicken red-blood -cell suspensions, and 
also that this agglutination is specifically inhibited by immune serum from man or 
animals. This procedure has been used extensively for titrating the antibody con- 
tent of sera and has proved to be a valuable substitute for mouse-protection tests. 

Influenza A virus is a highly labile and variable organism. Burnet in paru’eufor has 
stressed the changes in the virus which occur after its isolation. In the original (0) form* 
as obtained from man, it is nonpathogenic for mice; it grows well in the amniotic but no 
m the allantoic cavity of the chick embryo; and it agglutinates human and guinea-pig 
red cells more strongly than chicken cells. In the altered (D) form these character^ 
are reversed. It is probable that antigenic changes in the virus also occur in the F® 1 ***' 
and may explain in part the strain differences which have been observed. This change 
Burnet attributes to a mutation and not to a process of gradual adaptation, the new 
mutant form outgrowing the O form under the artificial conditions in the laboratory ^ 

With continued transfer of the virus there appears also to be a gradual Joss of viru w 
for man. This may be an advantage from the standpoint of human im. lunizauon ^ 
attenuated living virus is to be used to produce a subclinical infection. It may 
distinct disadvantage, however, if inactivated virus is used, since the reduced viru en^ 
and antigenic changes may impair the effectiveness of the vaccine, as is well known 
be the case, e g., with typhoid and pertussis vaccines. 

Immunity. There appears to be relatively little natural immunity to influent) 
since there is often a high morbidity at the beginning of an epidemic in 
communities, among members not previously exposed. Recovery from an iO* 
is followed by an immunity to the same type of virus; associated with the app® 
ance of protective antibodies in the serum. This immunity appears to 
rarily effective, but less enduring than that observed after many other virus 
In some individuals successive attacks have been due to antigenically ‘ ^ 
types of virus. Several instances have been reported, however, in which 
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was isolated m two and even three successive attacks in the same individual at 
about two-year intervals. In ordinary communities, however, a substantial immunity 
is gradually built up, since even in severe epidemics only a minority of individuals 
are attacked. 

Vaccination. In spite of a great deal of effort, attempts to immunize human beings by 
vaccination have been only partly successful Recent attempts have been largely conccn 
trated on the preparation of killed vaccine which can be administered subcutaneously 
Technical difficulties have been encountered in obtaining adequate concentrations of 
virus and in finding procedures which will inactivate it without weakening its antigenic 
activity excessively Sawyer (1945) reported that by centnfugahzwg allantoic fluid of in- 
fected chick embryos at high speed, high concentrations of virus can be obtained He 
found that ultraviolet radiation or the addition of l part in 2000 of formalin and I in 
100,000 o£ phenyl mercuric mtratc were the most satisfactory methods of inactivation for 
large-scale production 

During the epidemic of 1943*1944, under the auspices of the United States Army 
Commission on Influenza, a large number of volunteers were inoculated subcutaneously 
with a concentrated inactivated vaccine containing A and B viruses. Most of the vaccine 
administered under the U S Army Commission was a formohzed product cultivated in 
chick embryos and concentrated by adsorption on the red ceils of the embryo and sub- 
sequent eluuon m one tenth the original volume of fluid The incidence of clinical in- 
fluenza in the vaccinated individuals was 2 22 per cent as compared with 711 per cent in 
the controls. Thu protection appeared to be fully effective, however, for only a brief 
period In the group contracting influenza two weeks after vaccination, the incidence 
was reduced by 85 per cent as compared with the controls After six weeks the incidence 
was reduced by only 40 per cent, and after a year by 35 per cent The incidence of in- 
fluenza (even a year after vaccination) was significantly lower, however (1 9 per cent as 
compared with 12.4 per cent), in groups half of whose members had been vaccinated than 
in other similar groups comprised only of unvaccmated individuals It may be that the 
reduction of infection among the half of the group who were vaccinated indirectly lowered 
ihe incidence of infection among the unvaccmated half of the same group by reducing 
the frequency of exposure and thus tended to conceal the full effectiveness of the vac- 
cination (Francis, 1946) Although the uter of protective antibody had fallen below the 
maximum, occurring two weeks after vaccination, yet after a year the vaccinated individ- 
uals still had antibodies "well above the prevaccmauon level ” 

At present, vaccination with inactivated vaccine is most useful just before or at the 
onset of an epidemic. Improvements in technic will probably increase to some extent the 
degree and duration of protection. A serious obstacle to effectiveness, however, u the 
fact that the protection presumably is due to circulating antibody, and influenza virus 
infects without coming into contact with the blood. The only antibody that might be 
expected to furnish protection is tliat found in the superficial epithelial cells or in the 
fluid that covers them. Some antibody is secreted into this fluid, but it is in much lower 
concentration than in the blood. There is as yet no proof that a subchmeal infection 
produced by a living virus sufficiently attenuated to be reasonably safe yields any better 
immunity than the killed vaccine. 

Swine Influenza. In 1931 Shope isolated a virus from swine affected with influenza, 
which is immunologtcally related to but different from influenza A virus. Both mice and 
ferrets are susceptible. In swine influenza a Gram-negative bacillus, Hemophilus sms, » 
associated with the virus Shope showed that the typical severe disease in swine depends 
upon ihe combined activity of the virus and the bacterium The virus alone causes only 
an ill-defined mild transient infection that is often afebrile, and the bacillus alone pro- 
duces no ill effects Swine influenza was first recognized in the United States at the be- 


212 


BACTERIOLOGY 


ginning of the pandemic of 1918, and Shope suggested that the virus was transmitted 
from man to swine at that time. No conclusive proof of this has been ob tamed. 

Shope also showed that the swine influenza virus enters the lung worm of the swine 
and is transmitted in the ova to the earthworm, the intermediate host of the parasite. 
When the infected earthworm is eaten by a pig, the virus is earned to the lungs and 
liberated. Here it may remain latent (“masked”) until some nonspecific stimulus, such 
as cold stormy weather, starts up its multiplication and the development of clinical disease. 

Common Cold. The weight of evidence at present strongly favors the view 
that colds are due to a filtrable virus. 


In 1914, Kruse, and later Foster, Dochez, and others, demonstrated that colds could 
be produced in man and monkeys by intranasal inoculation of the filtered nasal discharge 
from persons with acute coryza. Dochez, and others, found that the virus multiplied in 
chick-embryo medium, and after many transfers they were again able to reproduce 
the disease by inoculation. 

It may be assumed that human beings possess some natural immunity to the virus, 
and that infection takes place more easily when this is lowered by fatigue, exposure, etc 

Measles. This disease is believed to be caused by a filtrable virus, since typical 
measles has been transmitted to human volunteers by filtrates of the nasopha- 
ryngeal secretions, and of the blood at the height of the disease. An atypical form 
of the disease has been produced in monkeys and transmitted serially. After re- 
covery they have been shown to be immune. The ordinary laboratory animals arc 
not susceptible, but infection has been reported in rabbits after intratesticular 
inoculation. 


The serum of convalescents contains protective substances which are effective m pre- 
venting the disease when given within a few days (three to five) after exposure. 1 
given later the attack is modified and mild, yet produces an effective immunity. The 
serum is given in a dose of 2 to 15 ml. (2 ml. per year of the child’s age). Since aimos 
all adults have had measles their blood may be used when convalescent scrum is no 
available Adult serum, however, is somewhat less effective and double quantities are 
recommended. The globulins in the normal human placenta have similar protccuv 
power, and a preparation of this has been marketed. , . t 

Epidemic Parotitis (Mumps) . WoIIstein demonstrated a filtrable virus in th® sa I , 
patients during the first three days of the disease (occasionally up to the sixth ay) wi 
which she produced suggestive lesions in the parotids and testicles of cats. n J ectl °[\ . 
the filtrate into the salivary ducts of monkeys caused a disease resembling . f 

could be transmitted serially. These observations have been amply confirme . 
was neutralized by the sera of persons convalescing from mumps, an comp em 
ation reactions may be obtained with such sera. The virus occasiona y caus 
cephalitis (see p. 201). 

Primary Atypical Pneumonia. This term is commonly applied to a g««P 
of respiratory infections which differ clinically from those o pneumococ 
other recognized bacterial origin. There is usually a more gradua onset 
creasing fever, malaise, often severe headache, and a nonpro ucttve co , ^ 

without a chill, pleural pain, herpes, or bloody or rusty sputum, n sc ' c c 
there may be marked prostration, dyspnea, rapid respiration, cyanosis, 
cough with tenacious mucoid sputum. Physical examination usua y 5 
slight abnormalities, but roentgenograms of the chest reveal relatively more m 
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and widespread changes consisting of thickened bronchial markings, shadows in 
the hilus region, or scattered patchy areas of consolidation in the more peripheral 
parts of the lung Helds. 

The leukocyte count usually gives normal values. Blood cultures are negative, 
and in uncomplicated cases no known pathogenic organism of significance can be 
demonstrated in the sputum. In about half the cases during convalescence “cold” 
autohemagglutinins can be demonstrated in significant titer in the serum (see 
P- 411). 

The infection is not influenced by sulfonamides or penicillin, but the mortality 
is low. The disease usually terminates by lysis after about 10 days, but may persist 
for three or four weeks, occasionally much longer, and the disability may be out of 
proportion to the seventy of the acute symptoms. 

There is increasing epidemiologic evidence that pneumonia is only an occasional 
manifestation of this infection, and that the infection is often limited to the upper 
respiratory passages or bronchi In such cases, clinically it cannot be differentiated 
with any certainty from ordinary influenza or the common cold. 

Etiology. In a majority of the cases the etiologic factor is still uncertain. In a small 
number (less than 5 per cent) viruses related antigenically to the psittacosis virus have 
been demonstrated. Even more rarely cases have been caused by the virus of lymphocytic 
choriomeningitis and by the nckettsia of Q fever. Several investigators have reported 
the isolation of other viruses in limited groups of cases by the mtranasal inoculation of 
the mongoose, cotton rat, hamster, or young guinea pigs In these experiments serious 
technical difficulties have been encountered in that the pathogenicity of these “viruses” 
for all the ordinary laboratory animals is very slight, and serial passages were usually 
required to obtain them Under such circumstances there is great danger of confusing 
or contaminating the virus with other respiratory viruses to which these animals are 
naturally subject, and these early reports are not regarded as convincing. 

Eaton et al (1945) have recently reported the isolation of an agent by serial inocu- 
lation of chick embryos with filtered sputum or human lung suspensions. The virus 
caused no distinctive changes in the chick embryos, and to demonstrate its presence 
they had to utilize intranasal inoculation of suspensions of the trachea, lungs, and amniotic 
membranes into hamsters or cotton rats, in which the virus caused the development of 
small pulmonary consolidations Similar lesions were produced by inoculation of these 
animals with infected sputum, but the virus could not be maintained in these animals. 
Eaton and his co-workers advance evidence that the agent is distinct from the viruses of 
influenza, the psittacosis group, and the pneumonia-producing viruses naturally infecting 
these animals They reported the demonstration of neutralizing antibodies for this virus 
in the serum of 42 out of 69 patients during convalescence (but not during the acute 
phase) from clinically diagnosed primary atypical pneumonia, both from the eastern 
United States and the Pacific Coast 

Even if this work is confirmed, it is probable that other unidentified agents are also 
capable of producing this clinical picture. 

The Commission on Acute Respiratory Diseases of the U S Army has reported (1945) 
passing the infection through two series of human volunteers by mtranasal inoculation 
of filtered as well as unfiltercd sputum from patients with primary atypical pneumonia 

Psittacosis Group. In this group arc included the diseases due to the viruses 
of psittacosis, ornithosis, menmgopneumonitis (of Francis), feline pneumonitis 
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(of Baker), mouse pneumonitis, lymphogranuloma venereum, trachoma, and in- 
clusion conjunctivitis. Related viruses have been isolated from a few cases of 
primary atypical pneumonia in man. The viruses of the psittacosis group have 
certain characteristics m common which separate them rather sharply from other 
viruses. They are relatively large, from 150 to 300m/i, they show characteristic 
tinctorial reactions, and they undergo a cycle of development within the cells 
(which can be observed with an ordinary microscope) accompanied by the forma- 
tion of characteristic inclusion bodies. Some of them (the last four listed above) 
are susceptible to the sulfonamides. Antigenically all of them are closely related, 
but can be differentiated by suitable serologic procedures (except perhaps the 
viruses of mcningopneumonitis and ornithosis). 

Psittacosis. Psittacosis is an epizootic disease of parrots and related birds which 
may be transmuted to man, and less frequently from one person to another. 

The disease m man is characterized by fever, pneumonic consolidation, and para!) sis 
and is often fatal During an extensive epidemic in 1929 and 1930, Bedson, Krumwiedc 
and others proved that the disease was caused by a filtrable virus. Levinthal first described 
minute coccoid bodies (psittacosis bodies) 0 2 to 0.25^ in diameter in the cytoplasm of 
reticuloendothelial cells in the spleen, liver, and exudates. The presence of these bodies 
has been amply confirmed The bodies arc believed to represent the virus. They can be 
demonstrated by means of Castaneda’s stain, with which these* elementary bodies stain 
bright blue whereas the cytoplasm of the cell is pink. Bedson described a cycle of develop 
ment of these bodies in tissue cultures of mouse spleen. 

The infection can be transmitted to rabbits, guinea pigs, and mice by inoculation of 
blood or filtered extracts of liver and spleen. Rivers produced the disease in mice by 
intrapentoncal inoculation of filtered sputum from human cases and suggested this as * 
means of diagnosis. Following the injection of 2 ml. of filtered sputum on three succes- 
sive days the mice usually die after 7 to 10 days and at autopsy show focal necrosesin 
the liver and spleen in which the coccoid bodies can usually be demonstrated. The 
virus is present in the feces and nasal secretion of infected animals, and infection m man 
is believed to be through the respiratory tract (Rivers). Pneumonia has been product 
in monkeys by intratracheal and intranasal inoculations. Extreme care must be used » 
handling infected animals, by wearing gloves, gowns, and masks, to avoid inhalation o 
the virus, since serious laboratory infections have been frequent. The virus can be cuti 
vated in the chick embryo. 

Recovery from infection in man and animals is followed by some degree of immunity 
Agglutinins and complement-fixing antibodies have been demonstrated in the ser j" 11 ’ 
and the latter have been used as an aid in diagnosis. Virus neutralizing power is 0 te 
weak or difficult to demonstrate. 

The disease occurs in birds imported from South America and is widesprea amo 
psittacine birds in Australia (Burnet), and in fulmar petrels in the Faroe Islan s. 1 
occurs extensively in aviaries in which these birds are bred Meyer and Eddie s o ^ 
that infection is commonly acquired by young birds in the nests Those whtc te ^ 
continue for a time to excrete virus in the feces and nasal secretions. In many . ^ 
after excretion of the virus ceases, it can still be demonstrated in the enlarge 
and kidneys, and such birds may suffer exacerbations of the disease, which may e ^ 
Excretion of virus may be resumed in breeding females, providing a source o 
for nestlings as well as for such adults as may have escaped infection in the nest. 

Ornithosis. The ornithosis virus is closely related but antigenically distinct 
of psittacosis. The disease is widespread among pigeons in the United States, g 
and Australia. A number of cases of human infection have been reported 
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Trachoma and Inclusion Conjunctivitis (Inclusion Blenorrhea). These 
diseases are caused by viruses which are closely related and morphologically 
similar to that of psittacosis. The viruses have not been successfully transmitted 
to other animals, however, nor will they grow in the developing chick embryo. 

Lymphogranuloma Inguinale (Venereum). This sixth venereal disease, as it 
is sometimes called, or climatic bubo, the usual tropical designation, is due to a 
filtrable virus which was first isolated by Hellestrom and Wassen (1930) by intra- 
cerebral inoculation of monkeys with pus aspirated from inguinal buboes. The 
disease is usually conveyed by sexual contact It has an incubation period of four 
to five weeks In males the initial lesion appears as a small ulcer, often overlooked, 
usually in the coronal sulcus. From here the virus passes through the lymphatics 
into the inguinal nodes, where it spreads widely into the deep as well as the super- 
ficial nodes. Pockets of necrotic material form, and eventually perforate externally, 
forming indolent and relatively painless ulcers. In women the infection may 
cause esthiomcne with hypertrophy and ulceration of the labia, or it may (often) 
pass into the deep pelvic nodes, and cause salpingitis, proctitis, and rectal stricture 
— the ano-gemtal syndrome The etiologic identity of these syndromes was not 
recognized until Frci (1925) devised his test for cutaneous hypersensitiveness. 
Since then the virus has been obtained from many human tissues from the initial 
ulcer, the inguinal nodes, the labia, the urethra, the cervix, the rectal mucosa, from 
conjunctival exudates, and from the cerebrospinal fluid in cases associated with 
meningitis. Infection may be acquired by other routes, such as the skin of the 
finger, the mouth, and probably the respiratory tract. In several cases of accidental 
laboratory infection reported by Harrop (1941) the disease ran the course of an 
acute systemic infection The disease is not limited to the Tropics, but is fairly 
common in the United States, at least in the southern states and on the eastern 
seaboard. It is much more common in Negroes, but members of the white race 
are not spared. 


virus of lymphogranuloma incuinale The virus is filtrable and according to Findlay 
is from 125 to 175mjn in diameter It can be grown in tissue cultures and grows readily 
on the chorioallantoic membrane and in the yolk sac of the chick embryo The latter af- 
fords the best means of obtaining uncontaminated virus in large quantities. Inclusion 
bodies have been described in the cells of infected exudates, particularly in monocytes, 
and by Findlay (1938) in the brain cells of mice, in which he described a developmental 
cycle This was confirmed by Rake’s observations in chick embryos (1942) About 12 
hours after inoculation, “initial” bodies appeared within the cells — isolated structures 
about 1 p in diameter, near the cell membrane, taking a green color with Rake’s differen- 
tial stain These increased in number, forming small groups which became segregated in 
small vesicles in the cell cytoplasm, surrounded by a limiting membrane and embedded 
in a greenish staining matrix After these structures had attained a diameter of 4 to 7fi, 
minute reddish-staining elementary bodies about 0 4/x in diameter appeared, within them. 
Multiplication might go on until the cell was filled, or the cell might rupture, and the 
elementary bodies then penetrate into other celts and start another cycle of development 
The virus can be maintained by serial intracerebral inoculation of monkeys or mice; 
the latter are highly susceptible Lesions can be produced by other methods of inoculation 
but less regularly. 
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laboratory DiACNosis. Animals and human beings who are infected develop 
specific immune reactions ro the virus. The Frei test is based upon a cutaneous 
allergic reaction to the virus. Frei used as antigen pus aspirated from a bubo, 
which was diluted with saline and inactivated by heating at 60 ° C, An intra- 
cutaneous injection of 0.1 ml. of antigen is made on one forearm, and a control 
injection of saline in the other. A positive reaction is indicated by the appearance 
of an erythematous macule or papule, occasionally a vesicle, which is maximal 
after 24 to 48 hours and persists for 5 to 10 days. Vander Veer advised reading the 
reactions after four to five days, as nonspecific reactions usually subside after this 
interval. To be significant, the macule or papule should have a diameter of at least 
7 mm., and the control must be negative. 


There are many obvious objections to the use of lymphogranuloma tous pus, and this 
has been largely supplanted first by suspensions of infected mouse brain, and more re- 
cently by material from yolk sacs of infected chick embryos. Such antigens are usually 
diluted to such a degree that they give a reaction 7 to 10 mm. in diameter m a known 
positive case, and to guard against hypersensitiveness to egg yolk, it is desirable to use 
as a control material similarly prepared from an uninfected embryo. 

Although some still question the reliability of the test, most observers believe that if 
properly performed it hjs a high degree of specificity. The reaction usually becomes 
positive from two to four weeks after the buboes appear, although in a few cases sensi- 
tivity never develops. An individual who has once given a positive reaction usually con- 
tinues to do so indefinitely, but a few cases of reversion to a negative reaction after ef- 
fective treatment have been reported, A significant percentage of patients in venereal 
disease clinics, without dear clinical evidence of lymphogranuloma inguinale, give positive 
Fret reactions, positive complement-fixation reactions, or both. It is probable that at least 
a large proportion of these patients have a latent infection with the virus. It is manifest 
that no immune reaction proves the nature of a presenting lesion, but merely indicates 
that at some time the individual has acquired the infection 

The virus of lymphogranuloma inguinale is related antigemcally to the other viruses of 
the psittacosis group, and these all may show in varying degree cross reactions with one 
another. Thus Rake reported false positive Frei reactions in several cases of atypical pneu- 
monia. Clinically the differentiation of infections with these viruses from lymphogranu- 


loma inguinale would usually be simple. 

Neutralizing antibodies appear in the serum of infected animals and human beings. 
This fact has been utilized by Findlay and others in the demonstration of the nature of 
unusual lesions. Complement- fixation reactions of the scrum of infected animals or l ,u f a F 
beings may also be obtained. Using, 3S antigen, virus from the yolk sac of infected chick 
embryos, McKee et al (1940) obtained positive reactions in a large percentage of choice 
cases of lymphogranuloma inguinale. The reaction is sensitive and seems to be highly s P e ' 
cific, but its dependability is not so thoroughly established as that of the Frei 
Some have attempted to prove the lymphogranulomatosis nature of suspected Jesi 
by preparing “antigens" from them, as for a Frei test, and injecting them 
known to give a positive Frei reaction Pus or lymph node tissue from the lesion is 
With five times its volume of saline and the mixture heated to CO C. for two hours 1 
following day it is reheated to the same temperature for one hour and 0 3 P" ““ P „ , 
is added as a preservative. After the sterility of this extract has been proied by culm , 
mb S given a known Frei-„os.,„= (and Duere y .„e s a„ve, , 

'.v -...V - r,f a nenatife reaction is obtained in normal lty 
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treatment The vims of lymphogranuloma inguinale (like some other viruses of the 
psittacosis group) is to some extent susceptible to the sulfonamides. Their clinical value 
in the treatment of patients is now generally recognized. Sulfonamides will prevent the 
death of mice infected by intracerebral inoculation of the virus The brains of such mice, 
however, show lesions similar to those in untreated mice, and contarn the active virus 
The sulfonamides exert a virostatic rather than virocidal effect, and possibly induce a 
chronic carrier state rather than effect a fundamental cure. That the same may be true 
in human infection is suggested by the persistence of a positive Frei reaction in many 
treated patients. There is as yet no assurance that these cases are not infectious or that 
they may not relapse. 

Infectious Hepatitis {Epidemic Hepatitis). This includes at least many of 
the cases formerly known as catarrhal jaundice. The disease is characterized by 
an incubation period of about 30 days, during which there may be transient 
prodromal symptoms and fever. There is then a secondary rise m temperature, 
with headache, malaise, marked fatigue, anorexia, and digestive discomforts fol- 
lowed quickly by jaundice. There are, however, many mild cases without jaundice, 
which arc often overlooked. The liver becomes enlarged and tender. The jaundice 
usually reaches a maximum within a week and then gradually subsides, as general 
clinical improvement becomes evident. The early mortality is low, about 0.2 per 
cent, but rarely death may occur early from massive necrosis of the liver and acute 
hepatic insufficiency. In most cases recovery gradually occurs over a period of one 
to three months, and is substantially complete, although in some patients tests 
of liver function show impairment for indefinitely long periods. In a substantial 
minority, according to Barker (1945) about a fifth of those with outspoken illness, 
the disease runs a protracted course of four months to a year or more. The severity 
of the symptoms vanes, but severe relapses may occur, particularly after physical 
exertion which is poorly tolerated. Late deaths may occur, but in most cases re- 
covery eventually takes place. The incidence of cirrhosis or permanent serious 
liver injury is not yet known 

Virus of Infectious Hepatitis. The virus is present in the blood before and during the 
acute illness It is also present m the feces and (probably less regularly or m lower con- 
centration) m the urine and nasopharyngeal washings. The infection has not been 
(convincingly) transmitted to any of the laboratory animals, and investigations have been 
restricted to tests on human volunteers MacCallum and Miles (1946), however, have 
apparently established the infection by serial inoculation of rats in which a mild degree of 
liver injury had been produced by a deficient diet The agent has not been cultivated 
Man can be easily infected by the ingestion of b food or feces containing the agent and 
less readily by parenteral injections. The agent is fiitrable through a Seitz filter and, 
according to MaeGallutn and Miles, through a 63m jx Etford Gradocol membrane, 
indicating that it is a relatively small virus It is unusually resistant to heat, withstanding 
inactivation at 56’ C. for one hour, and withstands drying and long storage at low tem- 
peratures 

Epidemiology There is strong evidence that under natural conditions the disease is 
conveyed by ingestion of food or water contaminated with infective feces or urine. Ex- 
plosive epidemics have occurred, both in military forces and among civilians, particularly 
in camps or institutions, which almost certainly were conveyed in this manner. Contact 
infections are fairly common, and droplet infection is possible but not directly prosed 
There is considerable epidemiologic evidence and some direct experimental evidence 
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munity 8 that TK0K,y 15 fc,lo ' vctl ' a * )" J t temporarily, hy n substantia! degree of im- 

Umato.y n.aoKosir, Except in the milder roses the urine is dark and remains ». 
room The blood serum gives a high icterus index and an immediate positive direct van 
den Bergh reaction; its bilirubin content is high. Some increase in bilirubin may be found 
m patients not /ranidy jaundiced. There is no leukocytosis, but there may be a relative 
lymphocytosis With the appearance of atypical lymphocyte* resembling those occurring 
in infectious mononucleosis. Tests of liver function usually show impairment. The most 
useful appear to be the bromsulfalein-retention test, Hangar’s cephalin-cbolesterol floc- 
culation test, and tests demonstrating an increase of alkaline phosphatase and less regu- 
larly of serum globulin. In severe cases the prothrombin time may be increased, and 
failure to respond to administration of vitamin K is a bad prognostic sign, 

homologous Serum Jaundice (Hepatitis). This form of hepatitis has followed 
the parenteral injection of blood or blood products from individuals who were 
clinically normal and had had no recent illness suggesting a hepatitis. Both in its 
clinical manifestations and pathologic lesions it is practically indistinguishable 
from infectious hepatitis, except for the prolonged incubation period between the 
injecr/on and the appearance of severe symptoms and jaundice. This averages 
about 90 days and may range from six weeks to six months or more. Nccfc and 
Stokes (1945) have described (in inocutated volunteers) mild prodromal symptoms 
without jaundice appearing two to four weeks after the inoculation. The mortality 
is low in most epidemics, about 0.2 per cent, although in some it has been much 
higher. 


Virus of Homologous Serum Jaunpice. The agent is in the blood before and during 
the acute illness, and it is readily conveyed to man by parenteral injection, even m minute 
amounts. Intracutaneous injections of 0.1 ml. of blood have repeatedly conveyed the in- 
fection, and even the traces of blood remaining in carelessly cleaned syringes may sq&i 
svhtn these have been used without sterilization for aspiration of blood for routine labora- 
tory tests The observations of various British workers suggest that this may be the cause 
of "postarsphenamine” jaundice in patients under treatment for syphilis. It ha* also been 
conveyed by feeding blood, but less readily. Findlay and Martin (1943) repotted pro- 
ducing the disease by intranasal inoculation of volunteers With nasopharyngeal washings- 
The infcctivjty of the feces has not been demonstrated 

The infection has not been transmitted to animals The agent has not becti successful y 
cultivated. It is fiftrabfe through a Seitz filter, and resists heating at 56® C. 

Epidemiology. There is practically no direct evidence as to bow this agent (if it udi - 
/erent from that of infectious hepatitis) is conveyed under natural conditions. The 
theoretical possibility that it might be conveyed by biting arthropods is obvious, but i 
is noc proved It is also obvious that the virus may be present m the blood of earners o 
individuals with subchmcal infection Volunteers who have recently reemere ro 


serum jaundice have been immune to reinfection . . , 

Relation of Homologous Serum Iaunmlf to Infectious Hepatitis. The gr? t simt an 
of the agents and the diseases they produce indicates that they arc closely re ate , an 
Jias suggested to many that they arc identical This point has not been deiermi 
mtcly, but the evidence at present indicates that the agents are probably different, in 
based upon. (1) the marked difference tn the meubauon periods; (2) serum , 
most readily conveyed by parenteral injection, infectious jaundice by thc orai ro , t 
contact Infections arc relatively common with infections pund.ee, lint «l i «« ' 

dice occur with peat rant, if at dt; » rndivitoh immune from serum 
usually been susceptible to infectious hepatitis and (probably 1 vice versa. 
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both upon clinical observations and experimental inoculation of volunteers (Paul et al, 
1945, Necfeetal, 1945) 

Yellow Fever. Yellow fever is an acute infection caused by a filtrable virus and 
characterized in the outspoken cases by jaundice due to extensive liver necrosis. 

Clinical Picture. In outspoken cases the onset is sudden, after an incubation 
peciad of three to six days, with fever, severe headache and backache, malaise, 
increasing prostration, and an early tachycardia which soon is replaced by a marked 
relative bradycardia — Paget’s sign. There is rapidly increasing albuminuria with 
oliguria and sometimes anuria. After three to five days jaundice appears, usually 
moderate in intensity, and the gums and stomach tend to bleed. When bleeding 
occurs, blood-stained or black coffee-ground material is vomited. There is a leu- 
kopenia. The mortality rate in such cases has been reported as from 25 to 75 per 
cent, death usually occurring during the first week. These cases, however, con- 
stitute only a minority of the individuals infected. In most patients the course is 
cither subclinical or marked by a mild gnppelike febrile reaction of a few days’ 
duration without any characteristic symptoms. "Virus has been isolated from the 
blood of some of these patients, but the infection can usually be recognized only 
by demonstrating immune substances in the blood after recovery. In children the 
disease is usually mild, although severe and even fatal cases may occur. 

Recovery, if it occurs, is usually complete, without relapses or sequelae, and is 
followed in all cases, mild and severe, by an immunity which is high in degree 
and probably lifelong. 

Patholocy, The characteristic pathologic lesion is necrosis of the liver paren- 
chyma, usually midzonal, but often very extensive. Acidophilic “inclusion bodies,” 
possibly areas of degeneration, occur m the nuclei of the liver cells, frequently in 
monkeys and in about 25 per cent of human cases The liver lesions are charac- 
teristic, and m Brazil, routine examination of liver tissue obtained postmortem by 
means of a viscerotomc in patients dying of an acute infection has often revealed 
yellow fever in localities where it was not suspected. 

Virus of Yellow Fever. The filtrability of the agent was first demonstrated by 
the U. S. Army Commission in Cuba in 1902. Uluafiltration experiments indicate 
a diameter of about 22mft. The virus is quite susceptible to heat and deteriorates 
rapidly t£ kept m salt solution ar room temperature, less rapidly if 10 per cent 
serum is added. It cannot be preserved in glycerin. It can be preserved for long 
periods by desiccating in vacuo and more easily and safely by simply freezing and 
storing at a temperature below 0° C. It can be grown in suitable tissue cultures, 
and grows readily in the developing chick embryo. 

The virus from African cases of yellow fever appears to be identical with that 
in America. No strain differences have been demonstrated. There is considerable 
evidence that Africa was the original habitat of the virus and that it was imported 
into America in infected mosquitoes brought to this continent with African 
slaves- 


The rhesus monkey is highly susceptible to infection, both through biles of infected 
mosquitoes and by inoculation. Follow mg cither intrapemoneal or intracerebral injections 
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of natural virus, , tfui monkey develops an infection similar to that in man, with necrosis 
of the liter, .md usually dies within three or four days. Mice are usually not susceptible 
to intrapcntoncal inoculation hut after intracerebral injection they develop a fatal cn- 
cephalttis. After repeated passages through mice by intracerebral inoculation, the virus 
becomes altered so that tt usually causes no apparent infection when inoculated intraperi- 
toneally into rhesus monkeys. If Risen intraccrcbrally, however, it causes a fata! encephali- 
tis in the monkey. Virus so altered is commonly termed “ neurotropic ” i irus, in contrast 
to the Visccrotropic” natural virus which, however, also has neurotropic properties. In- 
trapentoncal injections of neurotropic virus into normal mice usually cause no evident 
infection, but if the brain has been previously injured, as by intracerebral injection of 
sterile starch paste, it will cause an encephalitis. The hedgehog is highly susceptible 
Other rodents and other species of monkej'j may be infected by intracerebral inocula- 
tion. 


Hy passage of the natural virus through tissue culture* and chick embryos for a long 
period, a similar but more marked attenuation was secured. This strain (17 D) shows 
little tendency to cause any evident infection when inoculated either into monkeys or 
man, although it will still cause encephalitis on intracerebral injection into mice. It does 
Cause an mapparent infection, however, as it usually produces an immunity, and has been 
used extensively as a vaccine for human beings. 

The virus is present in the blood in man during the first three days of the disease 
(rarely the fourth) but not later. The concentration may be enormous, even ten billion 
infectious doses per ml Jr is present in the blond of monkeys in high concentration. It is 
also present in the liver and in other tissues in fatal eases. 

anti Bom es. Following recovery, specific antibodies, particularly neutralizing antibodies, 
arc present in the serum. Tins was demonstrated on human volunteers by Marchoux ct at. 
(1903) Later monkeys were used, and at present white mice, according to the method 
of Tbeiler, as modified by Sawyer and Lloyd (1931). Six mice arc used for each scrum 
to be tested These are given a preliminary intracerebral injection of 003 mL of starch 
paste. A J5 to 20 per cent suspension of the brain of a mouse djing from infection with 
the neurotropic strain of virus is prepared in physiologic salt solution containing 10 per 
cent of normal scrum. After the coarse particles are removed by centrifugahzation the 
suspension is mixed with jn equal volume of serum, and 05 ml. of this mixture is in- 
jected intrapentoneally (Scllards), Control series with normal serum and known immune 
serum should be carried out. The presence of antibodies is demonstrated by the survival 
of at least lour of the six mice which vvere injected with the serum under investigation, 
provided that at least five of six unprotected mice die within 5 to 10 (usually 6) dajs. 
This procedure has been widely used on thousands of individuals in epidemiologic 
studies, and misleading reactions indicating immunity have been very rare. 

Antibodies appear early, even before the virus has disappeared from the blood, and 1W 
be present in fatal cases. The antibodies following natural infection persist for indefinite 
periods, jn individual cases at least 75 years. They are generally regarded as indicating 
an effective immunity. They also appear after successful vaccination, but it is not certai 
that there is a precise parallelism between their titer and the degree of immunity 
present. 


Epidemiology. Yellow fever appears in two types, the classical urban type, 
characterized by explosive and often extensive epidemics limited largely to emty 
populated areas, and a sporadic, endemic, or jungle type. T c 
purely in the mode of dissemination. The same virus is found in both, an 
clinical features and pathologic lesions are identical. ^ . 

In the urban epidemics the virus is transmitted by the Aedes aegypt, mosquito. 
This was suggested by Finlay on the basis of dirndl observations, an 
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strated conclusively by the U. S. Army Yellow Fever Commission (Reed, Carroll, 
Lazear, and Agramonte) in Cuba in 1900. It was shown that the mosquito becomes 
infected by biting a patient during the first three days of the disease, but that it 
is unable to transmit the infection until after a period of about 12 days has elapsed 
(the extrinsic incubation period of Corre). The mosquito then remains infectious 
for the remainder of its life 

The virus is present tn the mosquitoes during this incubation period, this fact can be 
demonstrated by grinding up the insect and injecting it into monkeys or mice. The virus 
multiplies in the mosquito, but there is no evidence that it goes through any develop- 
mental cycle. The length of the incubation period depends upon the environmental tem- 
perature, which determines the rate of multiplication, varying from five days at 37° C to 
three weeks at 20° C The virus becomes highly concentrated in the mosquito (I to l ,000,- 
000), and a single bite suffices to convey the disease Infection is not transmitted to the 
next generation, the mosquito cannot serve as a reservoir of infection The mosquito suf- 
fers no evident injury from the infection, and no change can be detected in its tissues. 

Under experimental conditions yellow fever has been transmitted (by the bite) by at 
least 20 other species of mosquitoes, belonging to Aedes and to several other genera, and 
by several species of ticks Other arthropods may harbor the virus without transmitting 
it by the bite. There is no evidence, however, that any other species plays a significant 
role in the urban epidemics, although it is conceivable that they might do so Thus far 
no arthropod vector has been shown to serve as a reservoir of infection 
Before the advent of vaccination, the incidence of accidental infection among laboratory 
workers was very high. There is strong reason to believe that infection can be acquired 
through the apparently unbroken skin, by handling infected blood or tissues, and probably 
through the conjunctiva and respiratory passages. Some infections have been attributed to 
handling desiccated powdered virus Infection is not acquired by direct contact with 
patients or with fomites 

Jungle Type op Yellow Fever Extensive studies over the past decade have 
shown that yellow fever occurs as sporadic cases and occasionally in small epi- 
demics in isolated outlying districts over vast areas in the Amazon basin in Brazil 
and in Colombia, in which Aedes aegypti is not found. For the most part, the 
disease affected men who were laborers in the jungle, sparing the women and 
children except when the families lived in or adjoining the jungle. This sug- 
gested that transmission must be brought about by species of mosquitoes which 
infest the jungle rather than the settlements. As the result of a vast amount of 
effort, yellow fever virus was demonstrated under natural conditions in two such 
species, Aedes leucocelaneus and Haetnagogus capncomii. 

In jungle districts the incidence of the disease in man seemed too small to furnish an 
adequate reservoir of infection, and some of the jungle fauna have been suspected. No 
mammal has yet been found naturally infected, but there js reason to believe that mon- 
keys may constitute the reservoir Soper showed that these animals arc highly susceptible, 
and in a significant number of those captured he was able to demonstrate the presence 
of neutralizing antibodies in the blood Findlay (1933) suggested that the hedgehog may 
play a similar role in African yellow fever, and he also demonstrated protective power in 
the Wood of monkeys captured tn regions in which the disease is endemic. 

Vaccinstjov. The purpose of vaccination is to produce an inapparent infection by means 
of an attenuated virus which is still capable of stimulating an effective immunity. In the 
first attempts at Ijrgc-sealc vaccination in Africa, Scllards and Laigrer (1932) used the 
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neurotropic mouse-brain virus. This "is virulent and produces an enduring immunity with 

j " *? sr " a5J P ro P ort! °n of serious reactions" (Sellards). Later, ltmnune serum was 
added for further attenuation. Subsequently the attenuated cultural strain (17 D) was 
used, and vaccination with this material without the addition of any serum has practically 
replaced all other methods. This strain is lower in virulence, and serious reactions are ex 
tremely rare. It has been used on a huge scale in Brazil, and also in the armed forces, and 
appears usually to yield a satisfactory degree of protection in a large proportion of the 
subjects. Protection is somewhat less certain, however, and probably of shorter duration 
than that obtained with more potent types of vaccine. Cases of yellow fever have oc- 
curred in individuals so vaccinated. 

The jaundice following yellow fever vaccination which occurred in members of the 
U. S Army early in World War II must be regarded as an unfortunate accident, due to 
the presence of infectious hepatitis virus in the scrum used in preparing the vaccine. This 
had nothing to do with the yellow fever virus and has not occurred since the use of 
serum has been abandoned. 

Neutralizing antibodies appear in the serum of a large proportion of vaccinated indi- 
viduals, and are regarded as an approximate measure of immunity. 

Prevention. For the prevention of urban epidemics, sanitary measures designed to con- 
trol A aegypit mosquitoes and particularly to eliminate their breeding places are of great 
importance. Where such measures have been carried out effectively and persistently, the 
disease has been virtually eliminated For the jungle type, no practicable measures of 
vector control are available, and vaccination is the only effective procedure For labora- 
tory personnel, effective vaccination is imperative, and has practically eliminated the 2 C* 
cidcntal infections which formerly were so numerous. 

Dengue. This disease is caused by a filtrable virus which is transmitted by 
certain species of Aedes (Stegotwyia), in which the virus is propagated. 

Its onset IS extremely abrupt. A short initial fever of three or four days is followed by a 
rapid fall of the temperature, a short remission, and then a short terminal fever — saddle- 
back chart The end of the primary fever is often characterized by critical sweats, diarrhea, 
and epistaxis The sinking eruption, which has given it the name bouquet, appears about 
the time of the remission Severe pains m the back, joints, and postorbitai muscles ttjake 
the name given by Benjamin Rush appropriate — breakbone fever The subsequent neuras- 
thenta and physical weakness are i ery striking 

Arthropoo Vector Siler ( 1 926) transmitted the disease by Aedes aegypit in 47 out o 
111 human experiments The cycle in the mosquito requires 11 to 14 days, and the in- 
fecting feeding must take place dutmg the first three, or possibly five days (Blanc) of t 1C 
disease in man The mosquito retains infecting power throughout its life '174 days 
(Blanc) 

Virus qf Dengue. Virus-containing serum remains infective for two or three 
months if kept in sealed tubes and in the dark. The virus is destroyed by a 
temperature of 50, Q C. for 30 minutes. Blanc has found that desiccated and re- 
frigerated serum Would remain virulent only 95 days. It has been foun P 0JSI c 
to transmit the virus to monkeys, producing after five days of clinically inapparettt 
infection an infecting serurn which will cause the disease in man, throug tram 
mission by Aedes fed on monkey blood. Cultivation on the chorioallantoic mem- 
brane of chick embryos has been reported. . 

Neutralizing antibodies have been demonstrated after recovery, mmun 
variable and relatively brief. 
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Relationship to Yellow Fever Although epidemiological! y and clinically dengue 
shows some similarity to yetlow fever, the viruses are antigenieally entirely different 
Neither disease affords any protection from the other. 

Colorado Tick Fever. This is a benign but painful infectious disease occurring in 
Colorado and neighboring Western states, which was first differentiated from mild Rocky 
Mountain spotted fever by Becker in 1930. It closely resembles dengue m its clinical symp- 
toms, in a leukopenia (2000 to 3000), in the "saddle-back” temperature curve and in the 
invariably favorable outcome By means of experiments on human volunteers, Florio ct 
al (1944, 1946) showed that the active agent is present m the blood during the acute 
stage and that recovery is followed by an immunity. They established the infection in 
golden hamsters by serial passages. The agent was filtrable through a gradacol membrane 
with a pore diameter of 24m ft, and it is therefore one of the smallest of the viruses. Anti- 
genicaliy it is entirely unrelated to dengue. Epidemiologic evidence suggests that it is 
transmitted by the wood tick, Dermaccntor anderson't, but attempts to convey the in- 
fection experimentally by this arthropod have been unsuccessful. 

Rift-Valley Fever (Enzootic Hepatitis). This is an epizootic disease of sheep, 
caused by a filtrable virus described by Daubney, Hudson, and Garnham in 1931. 
During the study of a severe epidemic in Kenya, British East Africa, it was noted 
that the native shepherds, and later the Europeans, in contact with the affected 
animals developed a short illness resembling dengue. These investigators also 
produced the disease in a volunteer by inoculation with the blood of an infected 
sheep. Since that cime a number ot laboratory workers in this country and abroad 
have contracted the disease while studying the virus. 

The disease can be transmitted to cattle (a small epidemic of natural infection is re- 
corded), goats, certain species of monkeys, and to rats, mice, and other small rodents 
Guinea pigs and rabbits, however, appear to be resistant The infection can be produced 
by application of the virus to scarified skin, the conjunctivae, or nasal mucosa, as well as 
by subcutaneous or intraperitoneal injection There is some evidence to suggest that mos- 
quitoes of the genus Mansanta act as vectors The characteristic pathologic lesion in lambs, 
and also in inoculated mice, is a marked focal necrosis of the liver. Stained sections show 
acidophilic intranuclear inclusions in the hepatic cells 
Mackenzie and Findlay (1936) obtained a "fixed” neurotropic strain of Rift-Valley 
fever virus by the injection of immune scrum into an animal prior to an intracerebral 
inoculation of virus Some of the nerve cells showed intranuclear inclusions similar to 
those produced by the neurotropic type of yellow fever virus They suggest that this re- 
straining action of specific antibodies may produce neurotropic variants of other viruses, 
and that the occurrence of nervous sequelae in virus infections in man may be explained 
in a similar way 

Virus op Rift-Valley Fever, The virus occurs m the. blood. In cr, spleen, and other 
organs early in the disease in both animals and man It will pass through Berkefeld 
candles N, V, and IF. and Broom and Findlay have estimated its size at from 23 to 35m^ 
by filtration through collodion membranes Mackenzie has cultivated the virus in a 
medium of chick embryo and Tyrode’s solution. It can be preserved in blood containing 
0 5 per cent phenol for months m the icebox 

Immunity The serum of convalescent animals and man contains virus-neutralizing 
antibodies for several months after recovery, but the immunity is not permanent Broom 
and Findlay have demonstrated complement fixing antibodies which arc apparently 
specific for Rift-Valley fever, and which they found to persist for at least six months. 
Francis and Magill (1935) have shown that the inoculation of insusceptible animals such 
as the rabbit also results in the development of virus-neutralizing antibodies. 
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The thallus or mycelium is composed of a mass of individual strands or filaments 
called "hyphae,” which may or may not he divided into cells by cross walls, or 
septa. A mycelium composed of septate liyphae is called a “septate mycelium” 
whereas one which lacks septa is termed a "cocnocytic mycelium.” The presence 
or absence of septa is of taxonomic importance. The class Phycomycetcs, lot ex- 
ample, is characterized by members possessing a cocnocytic mycelium. 

Some hyphae contain cellulose, others chitin. In some fungi the mycelium 
becomes packed as a hard mass, containing reserve food material, and known as 
“sclerotta." Similar dense structures arc produced by Picdraia Aortas, causing a 
disease of the hair, and by the fungi producing granules in the mycetomas. Ergot 
is the sclerottum of a fungus ( Clavtceps purpurea) attacking the grain-bearing 
heads of rye, and is of importance medically. In the Middle Ages there were great 
epidemics of ergot poisoning. 

Other variations of hyphae which arc of morphologic importance in the classifi- 
cation of fungi 3rc spiral hyphae, which are simply coiled, corkscrcw-like filaments, 
and racquet hyphae, which arc hyphae composed of club-shaped cells, the clubbed 
end of one cell being attached to the small end of an adjacent cell. In some species 
of fungi hyphae occasionally develop unilateral projections from a terminal hyphal 
cell which resemble a broken comb. These are called “pectinate bodies.” 

The reproductive portion of the fungus plant is made up of spores. Sports may 
have a sexual origin, resulting from the fusion of two cells with subsequent 
nuclear fusion, or they may be asexual Perfect fungi arc those which reproduce 
by meJns of sexual spores, whereas the imperfect fungi ( Fungi haperjecti) re- 
produce by asexual spores. 

A spore may be simply defined as a cell which may or may not separate from 
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the hypha but which is capable of germinating and reproducing the parent cel! 
of the hypha. A specialized hypha to which spores arc attached is termed a 
“sporophore,” Occasionally specialized cells are germinated from the sporophore 
from which spores are produced. These specialized cells are called “stengmaM.” 

The simplest type of spore development is that in which cells are formed by the 
septation of hypha] cells which in turn develop new hyphae. These simple forms 
of spores are called “arthrospores” or “thallospores.” Sometimes thallospores are 
formed by the concentration of the protoplasm of the hypha and thickening of 
the cell membrane, and are purely resting spores. This type of thallospore is termed 
a “chlamydospore.” Thallospores which develop by budding from the end or side 
of the parent hypha! cell and which may, in turn, produce another bud or hypha 
without becoming detached are called “blastospores.” The buds of yeast cells arc 
familiar examples. Spores originating asexually from the hyphal cell by a process 
of budding, septation, or abstriction arc generally called “comdia.” 

Fuseaux or macrocomdia are large, elongated, chambered bodies resembling 
chlamydospores, arising singly or in clusters from hyphal cells, and divided into 
segments by transverse septa. 

The spores which have been described above are all examples of asexual 
exospores (free-borne from the mycelium). A special class of sexual endospores 
which are characteristic of the class Asiomycetes arc termed "ascosporcs." Asco- 
spores arc produced within a membrane or sac called an "ascus,” and the number 
of spores is usually limited to two, four, or eight, and is constant for the particular 
species producing them. 

“Basidiosporcs” are spores which develop after nuclear fusion and subsequent 
reduction division on a special type of sporophore known as a “basidium.” The 
basidsospore is characteristic of the class Bondiomycetes (the large, fleshy fungi 
or mushrooms) What we call a mushroom consists only of the spore-bearing part 
of the plant which is above ground An extensive mycelium exists underground. 

“Zygospores” and “oospores" are sexual spores produced by the fusion of two 
cells. 



Spore Ijpes (A) Btastojfiorrs (11) Chlamjctospore. (C) CoJiicIu (D) Suddmg 5 east cell— 
bbsioiporcj (E) Comdiophore with stengmatj bearing comdu. (F) Ascui Containing iscospores 
(G) Bjsi.lioipnres (II) Z)gospflre. (I) Fuseaux or macroeomdu. 
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Examination of Fungi The Identification of fungi ; s to a greater extent de- 
pendent on morphologic characteristics than is the identification of bacteria. Fungi 
possess structures which arc characteristic of the genus and species. These struc- 
tures have names and consequently the worker must scqmmt himself with a new 
vocabulary. This, apparently, is the major difficulty of the inexperienced technician 
svho is confronted with the problem of diagnosis of an unknown fungus. Actually, 
recognition and identification is relatively simpler than the same procedure in- 
volving bacteria. We are not confronted, for the most part, with biochemic re- 
actions and the wide variations of structure and physiology to which bacteria are 
subjected* 

For observing the morphology of molds a plate culture is in many cases to be 
preferred to a test-tube slant. Petri-dish cultures of the highly pathogenic fungi, 
however, are not recommended. Easily disseminated spores can be inhaled and 
numerous laboratory infections have been reported. Frequently, with experience, 
the gross appearance of the colony is sufficient to enable the worker to arrive at a 
tentative diagnosis. 

It is often possible to place the unknown mold in the class Vhycomycetes or in 
the Fungi Imperfect: by gross characteristics. With those species which belong 
to the Fungi Imperfecti and to the Ascomycetes the plant mass is relatively com- 
pact, with short aerial filaments of mycelium, and the surface, which may be 
brightly colored, is often thickly covered with spores. The entire colony resembles 
the nap of velvet. With fungi of the class Phycomycctcs, the mycelium is coarser 
and looser in structure. The spore heads and the aerial filaments are sometimes 
dark brown, gray, or black. The plant resembles cotton wool. 

Many fungi secrete fluid which collects in droplets on the surface of the colony. 
The droplets of moisture may be colored by various pigments excreted by the 
organism. These droplets may be mistaken by the beginner for spores and other 
similar objects. 


A band lens or the low power of the microscope may be used in examining the surface 
of the colony. If a dissecting microscope is available this is the instrument of choice. 
After the upper side of the colony has been carefully examined it is important W turn 
the plate over and observe the gross characteristics of the mold from this angle. * 
color of the embedded mycelium should be carefully noted, and the medium examme ^ 
for the presence of any diffusable pigment These pigments may at times act as xn 
dicators, being one color at an alkaline pH and another color at acid pH- 
For finer details medium-powered microscopic examination is necess.' y. A 
portion of the colony is removed with a sharp, stiff needle. Depending on the t u gu* 
it is sometimes advisable, m addition, to remove a piece of the medium v.hich c0 
the embedded mycelium. The specimen is teased out with needles in a drop ot ■ 
sodium hydroxide solution, factopheno/, or other mounting fluid, and a coversiip p 
over the preparation. The specimen is then carefully examined for the presewe 
sence of septa in the mycelium, the structure of the sporophores and f®^”; C f hl g h ly 
Cultivation of Pathogenic Fungi. Generally, fungi are well able to tolerate h * 7 
acid media, Not all pathogenic fungi do so, however, and it is 

cultivate an unknosvn fungus on a variety of tncd.a Dcrtto.c twuric mcd.un^a^ 
Sabouraud's medium wifi support the growth of most fungi. , exposing a 

to maintain the sterility of the medium. Molds may be isolated by stmply e, posing 
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medium plate to the air for a few minutes These contaminants will prove most annoy- 
ing. Fungi are, in general, slow growers and several weeks incubation may be necessary 
before growth of some pathogens is apparent. 

Since most molds grow well on media with an acid reaction, we may adjust the pH 
to 5 2 or even lower to permit the growth of fungi but inhibit to a great degree bacterial 
development. 

Glycerin agar, bread paste, or potato media are all suitable, but the standard medium 
is that of Sabouraud 


Saeoural'o’s Conservation Medium 
(for preserving stock cultures) 

Peptone 
Agar (shred) 

Tap water 


30 Gm 
15 Gm. 
1000 ml 


Svbouraud’s Differentiation Medium 


(two ol these are used, a maltose medium and a glucose medium) 


Glucose 

Peptone 

Agar 

Tap water 


40 Gm. 
10 Gm 
15 Gm 
1000 ml. 


The maltose medium is made by substituting the maltose for glucose in the above 
formula 

In each case the ingredients are added to the water and all placed in a cold autoclave 
and the pressure allowed to rise in both outer and inner jacket simultaneously until it 
has reached 15 pounds The autoclave is then shut off and allowed to cool down slowly 
When cooled the medium is filtered through cotton, tubed, and then sterilized as above. 
Upon removal from the autoclave the tubes are slanted and allowed to cool m the slant- 
ing position 

The medium is not titrated or the pH adjusted in any way, Sabouraud claiming that 
the addition of either acid or alkali spoils the medium 

Some mycologists claim that the Sabouraud medium contains too much sugar and 
that this interferes with growth and morphology The monosaccharides seem to be more 
objectionable than the polysaccharides besides potato slants, such solid media may be 
made from carrots in particular, but any fruit or vegetable may be similarly prepared 


Laichi’s Cvrrot A oar 

(recommended tor demonstrating the color characteristics of a colony) 

Carrots 500 Gm. 

Peptone 10 Gm. 

Agar 20 Cm. 

Water 1000 ml. 

The vegetables are washed, peeled, and cut into smali pieces To them are added 700 
ml water and the mixture boiled down to 500 ml It u then filtered through paper. The 
agar is dissolved in 500 ml water by heating. The vegetables and the agar are mixed, 
placed in tubes, and autoclaved for 20 minutes at 15 pounds pressure The tubes arc 
slanted and allowed to coo) and harden 

In cultivating molds, small Frlenmcyer fljvhv or Petri dishes, containing about Vi inch 
of medium on the bottom, will be most suitable for the development of colonies It 
must again be emphasized, however, that Pctn dishes arc not recommended for colonial 



234 


B ACTER I OLOGY 


aerial mycelium, and hy the lack of distinctive colors, the spores being gmmlh 
black or brown and the mycelium white or gray. 

The best known species is Mu cor mucedo, so common on horse dung, (rat i 
is now denied that this fungus plays any part in human mycoses, although a cast 
of Mucor keratomycosis has been reported, in which this common mold ivas iso 
lated from a corneal lesion. 

Mucor Cotymbifer (Absidia Corymbifer). The sporangium of this fungus as wage: 
50 to 70fi jn diameter, with smaller artes from 10 to 20 y.- The spores are spherical and 
measure 3 to in diameter. Mucor coryutbifer grows well on Sabouraud’s medium. It 
has been reported in a number of instances as the cause of nasal, pulmonary, and auricular 
mycoses (Brumpt, 1936). 

Rhiiopus. Two species of this genus, R. niger and i? parasiticus, have been regarded 
as possibly pathogenic The former was isolated from rare cases of "black tongue,” and 
the latter from the sputum of a patient believed to have pulmonary mycosis. VuiUcmin 
and others doubt the relationship to "black tongue" which is now regarded as a symptom 
of a vuamm deficiency. The columella of R. niger, after the dehiscence of the sporan 
gium, is mushroom shaped The sporangia, when mature, have a black color. 

Coccidtoidaf Granuloma. This disease may occur with nodular, verrucous, 
ulcerative, or papillomatous lesions of the skm, large sadike subcutaneous abscesses, 
and sometimes with involvement of the bones, joints, and viscera. The skm lesions 
often resemble those of tuberculosis with the presence of cold abscesses. Coccidioi- 
dal granuloma, however, rarely starts as a skin affection. The usual course of the 
disease is that of an upper respiratory febrile infection with a cough that ordinarily 
dears up in a week or so (San Joaquin Valley fever), but may progress and 
clinically resemble tuberculosis, with night sweats and mucopurulent sputum. 
The period of incubation is about 12 days. Allergic manifestations, especially 
erythema nodosum and eosinophilia, occasionally occur after the subsidence of the 
fever. A rise in blood sedimentation rate, which falls after disappearance of fe'cr» 
is noted. A continued elevation suggests a progressive coccidioidomycosis. 

The first case, affecting a Brazilian soldier, was reported from Argentina in 1892 
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by Wernicke. Later his assistant, Posadas, made thorough studies of the causative 
organism, including animal inoculations. Posadas first regarded the parasite as a 
Cocctdtum. The name Coccsdtotdes tmmttis was given to it by Rixford and Gil- 
christ, and the parasite was later shown to be a fungus. 

The mycosis was first known in the United States in California. It is now recog- 
nized to be prevalent throughout the arid regions of the southwestern portion of 
this country. 

Coccidioidal granuloma has been reported from Mexico, Uruguay, and Ar- 
gentina 

Dickson (1938) has reported that valley fever or desert fever of the San Joaquin 
Valley is an acute coccidioidal infection. The lesions of the skin resembled ery- 
thema nodosum, and there was usually pulmonary involvement. He showed that 
the infection was caused by the inhalation of the chlamydospores. A great majority 



CociidioiJes immilis r ndogenuus ipnrulation in 
center (Courtesy, Commander H E Ragle, Medical 
Corps, U S N ) 


of those infected promptly recovered. Infection has occurred m laboratory workers 
from inhalation of dust from dried cultures 
The fungi occur either isolated or in giant cells It is the tendency to metastasis 
through blood and 1/mph channels that explains the seriousness of the disease. 
The differentiation from tuberculosis, syphilis, and other fungus infections is made 
by finding the nonbudding cysts, with endospore formation. A wet preparation 
is entirely satisfactory for examination. In tissues, more or less round, cystlikc 
structures occur, varying from 4 to 80jx in diameter, containing endosporcs and 
having a thick, doubly contoured capsule. These rounded elements never show 
budding in tissues. Cultures of the organism on artificial media develop grayish- 
white colonies appearing m 4 to 17 days on milt extract agar, later becoming cot- 
tony and brown with an abundance of chlamydospores (4 to 7/»). The hyphac arc 
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about 3p wide. MacNeal and Taylor have noted endospore formation in anaerobic 
cultures. Inoculat.on of monkeys, rabbits, guinea pigs, and mice with cultmes 
gives rtse to the same cystltke structures, with endogenous spores, as noted i„ 
human tissues. 

Complement-fixation reactions with antigens prepared from cultures of the in- 
fcctmg organisms have been obtained. An allergic skin reaction has been described 
from the injection of such an antigen. 

Smith, who tested many thousands in the armed services, reports positive re- 
actions to coccidioidin in cases of coccidioidal granuloma, but no reaction to the 
antigen blastomycin. In one case of Gilchrist’s disease, only a moderately positive 
reaction was obtained with blastomycin and no reaction with coccidioidin or 
sporotrichin. Smith believes that coccidioidin is of value in denying or confirming 
the presence of the corresponding disease. 

Hurwitz, Young, and Eddie have reported positive coccidioidal reactions in 
patients having no known coccidioidal infection (10 per cent). Individuals with 
positive coccidioidin reactions may show areas of calcification in roentgenograms 
of the chest. 

Farness and Wooley demonstrated that 90 per cent of school children in a 
distr/ct in California in which coccidioidomycosis was prevalent all gave a poshne 
reaction to coccidioidin, showing that the test there would be valueless In New 
York, however, where coccidioidomycosis is rare, the test might be of value. 

Kessel believes that the skin test can be used as an aid to diagnosis, but probably 
no more reliance can be placed on it than is usually given to the tuberculin test 
He thinks that tuberculosis patients usually give negative reactions. Nevertheless, 
further careful studies and confirmation of all this work is necessary before it can 


be regarded as conclusive. 

Very little is known as to the source of infection of coccidioidal granuloma, 
but the great resistance of the cultural spores and the occurrence of laboratory in- 
fections have suggested the inhalation of dried spores as the usual mode of in- 
oculation rather than cutaneous entrance from dirt or plant material (thorns or 
prickles). Stewart and Meyer, and Smith and Emmons have reported the isolation 
of the fungus from the soil. 

It has been suggested that rodents may constitute a reservoir of coccidioido- 
mycosis. Emmons and Ashbum (1942) isolated Coccidiotdes immitis from t c 
lungs of 24 of 163 rodents (species of Pcrognathm, Dtpodomys, and Citellus) 
trapped in southern Arizona. A related fungus, Haplo sporangium parvum, *** 
isolated from 98 animals of this series. Gross pulmonary lesions were ® 
some of the animals and only microscopic lesions in others. Stiles and Davis ( 
report an increase in infection of the lower animals not only in wild ro en 


dogs, cattle, and sheep. . 

The outlook is generally unfavorable in the generalized form of the disease 
death usually occurs within three to four years. In 24 cases collecce y * 
and Taylor there were only two recoveries. A few patients have recDvere o 
ing drainage or excision of local lesions. With the recognition o mi er 
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arrested cases of coccidioidal granuloma the mortality rate is estimated at about 40 
per cent. Primary coccidioidomycosis is benign and very few cases progress. 

Ascomycetes 

Among the higher fungi are included members of the classes Ascomycetes and 
Fungi Impel f ecu. The Ascomycetes are characterized by a special type of sporan- 
gium called an “ascus” (little sac) In the young ascus there is a nuclear fusion, 
and the fusion nucleus, by three successive divisions, typically results in eight un- 
inucleated ascospores. In some forms, however, some of the nuclei degenerate and 
only two or four ascospores may result, while in others additional mitotic divisions 
yield 16 or more. 

The yeasts which reproduce typically by budding, but produce ascospores, are 
included in this class. Other budding forms may fail to show ascospore formation 
(asporogenous yeasts) In some Ascomycetes there is a well-developed thallus, 
with septate hyphae (the hyphae of the Phycomycetcs are coenocytic) In the yeasts 
only a sprout mycelium is known. 

The genus Alleschena, frequently causing mycetoma, and the genera Trtcho- 
sporum and Ptedraia, causing piedra, are included under the Ascomycetes . Conant 
(19*5) includes certain species of Aspergillus and Pemctllium m the Ascomycetes 
These two genera, however, will be discussed in more detail in this section under 
the Fungi Imperfect i 

Piedra iTtfchospotosis). This is a fungus disease of the haw, in which small 
nodules form along the hair shafts. Occurring on the beard the disease is known 
as piedra nostras The nodules are about the size of the nits of head lice, but more 
or less surround the hair instead of projecting at an angle as do the ovoid lice nits. 
The small, sandy concretions arc black or white in color and very hard, hence the 
name piedra — stone. 

The stonelike concretions are caused frequently by the species Trichosporum 
giganteum and Piedrata hortai If an infected hair is examined in sodium hy- 
droxide or potassium hydroxide solutions, the nodule will be found to be made up 
of faceted cells matted to the side ot or, at ttmes, encircling the hair, but not invad- 
ing it. In the case of P. hortai nodules, within the mass of cells arc seen spherical 
to ovoid asci up to 30p m diameter with eight elongate ascospores measuring 
approximately 4Q to 45jt by 6 to 8pu including long filiform appendages approxi- 
mately 15 to 20ft long T. giganteum, on the other hand, shows no asci. The fungi 
grow on Sabouraud’s medium but better on carrot. 

Piedra is fairly widespread throughout the tropical countries and in Europe, 
but may be found in the temperate zones. The disease was obsened frequently in 
Colombia in women and the infection was thought to be due to the application of 
a mucilaginous preparation to their hair. 

Manson-Bahr (19-10) emphasizes that tnchosporosis must not be confused with 
trichonocard lasts, which is a disease of the hair caused by Acttnomytes tenuis 
This infection is common on the axillary, scrotal, and facial hair in Europe and 
elsewhere. Also, it should not be confused with trichorrhexis nodosa, a nonparasme 
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disease of the hair shaft, in which there appear irregular thickenings resembling 
nodes, the hairs often splitting at different points into brushlike bundles of 
fibers. It should also not be confused with moniliform hair, another nonparasidc 
condition which is congenital and hereditary. 


Fungi Imperfecti 

The Fungt Imperfecti include those organisms which do not produce sexual 
spores. In addition the asexual conidial stages of the Ascomycetes are included 
in this class. The classification of the Fungi Imperfecti is very unsatisfactory, 
owing probably to the fact that our knowledge is still very incomplete in regard 
to the life cycle of various fungi. The asexual spores, upon which the classifica- 
tion of the Fungi Imperfecti is based, are of two major types: thallospores and 
comdia. Thallospores are spores formed by the thallus or mycelium. Blastospores, 
chlamydospores, and arthrospores are examples of thallospores. A spore produced 
on a specialized hypha and freed by abstriction at the point of attachment is called 
a “comdium." The specialized hypha on which conidia are formed is called the 
"conidiophorc.” It must be kept in mind, however, that in many cases a re- 
semblance between these conidia does not represent any true phylogenetic re- 
lationship. It has been found that in species heretofore grouped in the same genus, 
after the complete life cycle was observed, it became necessary to group these 
organisms m three different classes. The classification of the Fungi Imperfecti is, 
therefore, an artificial one not indicating true systematic relationships. 

Members of the following genera will be discussed under affections due to the 
Fungt Imperfect!' 


Sporotrichum 
Histoplasma 
Fentci I hum 
Trichophyton 


Paracoccidioides 
Candida (Momlia) 
Scopulariopsis 
Epidermophyton 


Blastomyces 

Cryptococcus 

Malassezia 

Madurella 


Rhinosporidium 

Aspergillus 

Microsporum 

Indiella 


Rhinosporidiosis. This is a polypoid infection, chiefly involving the mucous 
membranes of the nose, but rarefy invading the ears, the lacrimal sac, the uvula, 
and more rarely, the mucosa of the penis Dhayagude (1941) has described a case 
in a Hindu in which the parasite was found in nodules scattered over the body 
and there was no nasal or nasopharyngeal growth. 

The disease is caused by a fungus, Rhtnosportdium seeberi, which was first 
reported by Seebcr in 1896 in Argentina. The organism was first considered a 
coccidial parasite, but the work of Ashworth (1922) indicated it is a fungus an 
not a protozoan. It is found within soft, very vascular, raspberr. -like tumor 
masses, which are difficult to remove completely by reason of their friability an 
tendency to bleed profusely. The sporangia of the fungus measure 6 to 300? 
diameter; they have a thick wall and contain thousands of nucleated spores, att 
factory cultivation of the parasite has not been reported and inoculation of amnia 
has yielded negative results. The mode of transmission of the infection is un not 

u.it snores and ripe sporangia may be found in the nasal mucus. 

b The disease has been reported from India, Coehin China, Uruguay, Argenun . 
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and the United States Apparently a closely related organism, R. equt, has been 
found in nasal cavities of the horse in Sooth Africa 

The course of the disease is long and there is a marked tendency lor it to recur. 
North American Blastomycosis. Blastomycosis of the North American type, or 
Gilchrist's disease, is characterized by granulomatous and suppurative processes 
of the skin and subcutaneous tissues and sometimes of the lungs and other 
organs Most of the cases first discovered in the United States were in the region 
of Chicago, but later they have been reported from many parts of the country. 
Marlin and Smith (J939) write that cases have been found in at least 28 states. 
The disease occurs more frequently in males than in females 
Gilchrist, in 18%, described the organism causing human blastomycctic derma- 
titis as encapsulated and budding in tissues with mycelial forms in cultures. The 
fungus is usually classed as Blastomyces dermatmdis The organisms have been 
found in the pus from the lesions and sometimes in the sputum. In tissues, there 
are found spherical or ovoid cells singly or in groups, varying from 7 to 20/i in 
diameter. Budding forms are common, and the thick, highly refractile membrane 
makes the cells appear as doubly contoured There is no mycelium in tissues. The 
infected material (pus, sputum, spinal fluid, etc.) should be cultured on blood 
agar incubated at 37° C., and on Sabouraud’s agar incubated at room temperature. 
On blood agar the fungus grows slowly developing wrinkled, wavy co]onics. 
Budding, yeastlike cells, identical with those seen in tissues, arc present. Short 
mycelial fragments may also he noted. On Sabouraud's agar, mycelial development 
is enhanced. On about the third day small, creamy, prickled (corcmia) colonies 
which show hypluc about 3*v in dimeter appear. Numerous oval to round 
comdia arc present attached to the hyphac near the septations In older cultures. 
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mycologists agree that the creation of a new species in this case is not valid since the 
organism is ideologically identical with ff dermatuidis. 

South American Blastomycosis ( Paracoccidioidal Granuloma, Lutz-Spkndm- 
De Almeida’s Disease ). South American blastomycosis is a chronic granulomatous 
disease of the skin, mucous membranes, lymph nodes, and internal organs caused 
by Blastomyces brasihensv ( Zymoncma brasiliensts). Most cases have been re- 
ported from Brazil with occasional cases from Argentina, Uruguay, Venezuela, 
and Peru. 

A clinical feature typical of this disease is enlargement of the lymph nodes. 
Granulomatous and ulcerative lesions of the mucosa of the mouth and gastro- 
intestinal tract separate South American blastomycosis clinically from North 
American blastomycosis. The infection is classified under the following clinical 
headings: (1) a cutaneous form characterized by cutaneous and mucosal lesions, 
particularly involving the mouth and nose; (2) a lymphangitic type beginning as 
localized lymph-node enlargement, most often of the neck, supraclavicular, or 
axillary regions-, (3) a visceral form with lesions of the liver, spleen, pancreas, 
intestines, and other abdominal organs; and (4) a mixed type which mvohes 
skin and other organs to give a varied clinical picture. 

Blastomyces brasiltensis is very closely related to the organism of Gilchrists 
disease (North American blastomycosis). Both are yeastlike in tissues and in 
cultures at 37° C., and both develop a mycelium when cultured at room tem- 
perature. They are distinguished from each other by finding the single budding 
forms in the tissues from the North American type and the multiple budding 
forms from the South American type. 




(Lett) Blastomyces brasthensts multiple, budding cells- 

OUgfit) Blastomyces djtatasdss round, double-contoured, budding ye«d.ke ed 
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South American blastomycosis is sometimes confused with coccidioidomycosis. 
B. brasihensis differs from C. ttrnnttis by a more restricted growth and spore for- 
mation on agar, and by reproduction by budding instead of endosporc forma- 
tion in tissues 

European Blastomycosis ( Cryptococcosis , Torulosis, Busse-Buschk_e , s Disease). 
Another ill-defined group of yeastlike fungi with pathogenic properties are 
those listed in the genus Cryptococcus ( Torula ), in which the organisms reproduce 
only by budding, do not produce mycelium or endospores, and do not ferment 
carbohydrates. They sometimes cause lesions of the skin, but appear to have 
definite affinities for the tissues of the central nervous system and the lungs, al- 
though they may produce destructive granulomatous lesions in other parts of the 
body. The respiratory tract is regarded as the probable portal of entry. 

Freeman (1931) collected a number of cases with central nervous system in- 
volvement, which suggested neoplasm or encephalitis, but were associated with 
the presence of yeastlike organisms. 

Although several synonyms ( Torula histolytica. Cryptococcus hominis) are in 
common use, the correct name of the fungus is Cryptococcus neojormans . It 
reproduces only by budding, the yeastlike cells averaging 3 to in diameter 
The whitish to yellowish colonies on glucose agar appear heaped up, smooth, 
pasty, shining, and thick They do not cause fermentation, pellicle formation, or 
liquefaction of gelatin. In a case reported by Harrison (1928) from a cystic blasto- 
mycosis of the cerebral gray matter, the organism liquefied gelatin after 26 days. 

The involvement of the cerebrum and the meninges in cryptococcosis suggests 
a brain tumor, particularly because of the eye symptoms, such as choked disc. A 
diagnosis may be possible by finding the yeastlike organisms in the cerebrospinal 
fluid The prognosis is unfavorable. 

Lymphangitis Epizootica. Lymphangitis cpizootica has been recognized as a 
fungus infection, especially of the cutaneous lymphatics of the horse, since 1883, 
when Rivolta described Cryptococcus jarctmtnosus as the cause of the disease. The 
lesions, which consist of nodules and ulcerations of the skin in situations rich in 
lymphatics, are frequently found where irritation from rubbing of the harness may 
result. The disease has been observed in Asia, southern and western Europe, north- 
ern Africa, Japan, and the Philippines. In 1906 a case of human infection with 
cutaneous lymphatic lesions of the chest wall, due apparently to the same organism, 
was observed in Manila and cultures of Cryptococcus were obtained Brumpt 
(1936) mentions that instances of human infection may occur in individuals 
who care for infected animals, and Stovall and Almon (1941) say that the fungus 
has been inoculated into man. The parasite, however, appears to show no great 
virulence for human beings and there have been no reports of visceral involve- 
ment, Man is apparently only an accidental host. 

Histoplasmosis. In 1906 Darling reported three fatal cases of a disease affect- 
ing the endothelial cells and quite similar to leishmaniasis clinically. The causative 
organisms packing the cells of the liver, spleen, adrenals, and bone marrow very 
closely resembled Leishman-Donovan bodies but did not show a blepharoplast. 
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Lcithmatua in heart muscle Note close resemblance to Histoplasma capsulatum. (See illustration 
on p. 215.) 

Stitt has noted that in leishmaniasis a symbiotic relationship seems to exist 
between the protozoan and the infected cell, since very little cell damage seems 
to exist in stained sections. The organisms of histoplasmosis, however, appear to 
create much intracellular damage, rupturing the cell membrane, and scattering 
throughout the intercellular spaces. 

Not until 1926 was another case of histoplasmosis reported— and from the 
United States. In 1932 the parasite was cultivated by DeMonbreun and recognize 
as a fungus, Histoplasma capsulatum. Cases are now being reported from other 
parts of the world from Austria, South Africa, Java, and the Philippines. Ap- 
parently Histoplasma capsulatum is the only pathogenic fungus found inva mg 
the reticulo-endothelial cells. _ , 

For a diagnosis, suspected material should be stained with Wrights or Giemsas 
stain and examined for the presence of small (1 to 5/i) oval bodies in the m0 "°" ^ 
clear cells. Occasionally budding organisms can be demonstrated. Material s 0 
be inoculated onto blood agar to be incubated at 37° C. and onto Sabouraud s agp 
to be kept at room temperature. AH cultures should be held at least a mont 
fore discarding them. On blood agar at 37° C. the growth becomes evi ent ^ 
moist, scattered, dull-white to tan colonies. Microscopically these co on,e * ^ 
sist of small, ovoid, budding cells similar to those found in tin: tissues. 
with these cells are short fragments of mycelium. On Sabouraud s agar at 
temperature the fungus grows slowly, producing a white, cottony, acria rnyc . w 
which later turns buff to brown in color. Microscopically these co omes 
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Hutoplatma capsulatum in macrophages of liver. 


branching, septate hyphae bearing small, round to pyriform, smooth spores (2 to 
3p in diameter) on short, lateral branches or sessile on the sides of the hyphae. At 
this stage of growth the culture may be mistaken for B. dcrmatitidu, but soon the 
typical round to pyriform, tuberculate chlamydospores are produced (75 to 15/x 
m diameter) and the mycologic diagnosis may be established. 

The parasite has been found in dogs but never as a saprophyte. The infection 
has been transmitted to young dogs, both parenterally and by mouth, both with 
material from an infected dog and by inoculation of cultures. Experimental in- 
fections have also been reported in monkeys and mice. Hansmann and Schcnken 
(1933) have reported a case in man and described experimental infection in guinea 
pigs, rabbits, dogs, and rats. 

Palmer (1905) reported that there was a high correlation between the occur- 
rence of pulmonary calcification and sensitivity to histoplasmin. Skin reactions 
to histoplasmin were noted in 61 per cent of student nurses in Kansas City show- 
ing calcification and 118 per cent for nurses from Philadelphia,* Emmons, Olson, 
and Eldndge (1945) showed that the histoplasmin Palmer used was not specific 
for histoplasmosis but induced skin reactions in guinea pigs infected experi- 
mentally with either Hutoplatma, Blastomyces, Cocctdioides, or Haplosporan- 
gtum. 

The prognosis of histoplasmosis is generally unfavorable when the fungus has 
become widely disseminated. Only a few instances of recovery have occurred. 

•Palmer reported that of 2141 nurses in whom reactions to both tuberculin and histoplasmin 
were negative only about 1 per cent showed pulmonary calcification 
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Studies with various media 'as is required for bacteria, along with determination 
of pathogenicity. (See Table 14.) 

Besides thrush and perleche (mycosis of the angle of the mouth, characterized 
by macerated whitish patches) there are candidiases of the perineal or tagout jl 
regions of infants, particular!/ those poorly nourished. Probably many of the 
Candidae are saprophytic and only develop in individuals of lowered resistance. 
Some of the so-called body eczemas and dysid roses of hands and feet are as- 
sociated with candidiasis. Many cases of athlete’s foot, particularly where the toes 
are closely proximated, belong to the candidiases, although by far the greater 
number of such cases belong to the ringworm group. Vaginal discharges may 
also be due to infection by species of Candida, as well as to Trichomonas vaginalis. 
Generalized candidiasis, which is rare, manifests itself by widespread cutaneous, 
circumscribed lesions. Desquamation, following pustulation and maceration, ex- 
poses a bright-red, moist surface, with a raised, thickened periphery. Candidiasis 
of considerable duration has a peculiar yeasty odor. Bronchial or pulmonary 
candidiasis is said to occur. The lesions spread from the oral cavity to the 
bronchi and the lungs. All stages of the disease may progressively be secn^a 
mild type with slight cough, with greenish or yellowish, mucopurulent sputum, 
but no fever, to the picture of pulmonary tuberculosis with irregular fever, night 
sweats, weight loss, frequent coughs, and expectoration of a tuberculous nature. 
In the later stages the disease is frequently fatal. 

Pityriasis Versicolor ( Tinea Versicolor). This very common skin infection « 
characterized by dirty yellowish-brown spots occurring upon covered parts of 


the body, especially under the clavicles. These spots are sometimes referred to as 
"liver spots.” The plaques are not elevated and do not show inflammation. A 
vigorous sweep of the thumbnail (a sterile instrument is preferable) superficially 
across the |j>atch does not bring blood (signe du coup d’onglc ). The scrapings 
provide material showing an abundance of mycelium and spores of Molasses! 0 
furfur. The hyphae are from 2 to 3/* in diameter and the spores from 3 to 8p. The 
spores are very rcfractile and may show budding. Most observers have been tmabz 
to cultivate the fungus. Since the diagnosis can usually be made by direct exatnma 
tion of skin scrapings, cultural methods have been largely abandoned. 

Erythra 5 ma. This disease is sometimes confused with pityriasis versicolor. &T 
thrasma is a distinct skin infection caused by Actinomyces mirtuttssimus ( ,CT °. 
sporum minutissimum). The mycelium averages Ip in diameter, often fragmente 
into bacillary forms. Cultures are usually negative. Erythrasma spots are 
red to brown (usually occurring in the region of the groin or axilla). 

Dermatophytoses. Five genera of dermatophytes were recognized by Sa ■ “' rau ^ 
Microsporum, TrAophyton. Cndodermophyton, Epidermophyton. and Ac orio - 
The genera Achoribp and EnJodcrmophyton are, however, ideologically » 
tinguishable from uknben of the genus Trichophyton . All of these 
skin and hairs. The feenus Tnchophyton was further subdivided int0 . 
on the basis of the position of the fungus within the hairs, cn ot rtx * r 
tons, growing entirely within the hairs; cctothrix Trichophytons, growing 




Adapted from » Practical OaiMficjfwfi of the Camilla by Martin, /ones, Yao, and tee (193?) 
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on the surface of the hairs; and neo-endothiix Trichophytons, growing mainly 
within the hairs but occasionally showing growth on the surface of the hairs. 


Kfy to the Dermatophytes 
(From Henrici) 

Lesions oj the Scalp 

\. Yellow crusts or scutula present. Clinical favus 

A. Hairs^ tend to split longitudinally. Colonies waxy, wrinkled, little or no aerial 
mycelium. Hyphae coarse, distorted, tips swollen and branched No macroconidia, 
few comdia. 

Trichophyton schoenleim 

B. Colonies white, downy. Conidia and macroconidia formed. 

Microsporum qittnhcanum 

C. Colonics yellowish-brown with abundant aerial mycelium and very numerous 
macroconidia. 

Microsporum gypscum 

D. Colonies glabrous, wrinkled, reddish-violet. 

Trichophyton violate ton 

11. No scutula present. Hairs tend to break of! square. 

A. Suppurative reactions (as follicular abscesses, pustules, or kerion) absent (except 
with species of animal origin). 

1. Hairs broken of! at a uniform height, several millimeters above the skin. Much 
scaling of the epidermis, highly contagious in most cases Spores on outside of 
hairs, angular, forming a mosaic. In cultures many spindle-shaped macroconidia 
with thick, usually rough walls, multicellular (except M. atidouint). 

MICROSPORUM 

2. Hairs mostly broken off flush with the skin, leaving black points Little scaling 
of the epidermis Not so contagious. In cultures, conidia variable in size, macro- 
conidia few or lacking 

a. Grows entirely within the hair, both mycelium and spores. 

Endothrix TRICHOPHYTON 
b Grows mainly within the hair, but a few hyphae and spores can be found on 
the exterior. 

Neo-endothrix TRICHOPHYTON 

B. Suppurative reactions occur Lesions of the smooth skin also frequently present 
Some strains of animal origin Fungus grows in and on the hair, spores mostly ex 
ternal, arranged in rows, not in mosaic. 

Ectothnx TRICHOPHYTON 

1. Spores in hair — 5 to 8 u in diameter. 

r r Section Megaspores 

2. Spores .» ha.,-3 to V m dtameter. totIon 


3. Fusiform macroconidia present in culture. 

MICROSPORUM (species o 


f animal origin) 


Lesions of the Smooth Shin 

. r„,mallke lesions confined to moist parts, as inner surfaces of thighs, axillary region', 
*• LL„n fingirs and toes, soles of feet. Not found within halts. In culture, gr« 

,, „ no conidia, macroconidia egg-shaped to clavate, thick, smooth waffs 
yellow, no CO EPIDERMOPHYTON (E.foccosuml 
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II. Lesions not as above, generally involving hands, arms, general body surface, face, neck. 

A. Lesions form intricate patterns of concentric tings with marked scaling Hairs not 
invaded. 

Trichophyton concentrtcum 

B. Lesions are reddish patches, not raised above the skin level, round to irregular in 
form, darker at the border, forming rings Tending to heal in center, new attacks 
may occur, forming concentric rings. 

Generally MICROSPORUM 
Sometimes Endothrix TRICHOPHYTON 

C. Lesions are elevated plaques, reddish, round, or oval; scaly. Pustules frequently 
present at the border. 

Ectothrix TRICHOPHYTON 
Microsporosis. Microsporosis is a disease of the scalp and smooth skin of 
children. Species of Mtcrosporum of animal origin cause infection in both adults 
and children. Microsporosis is sometimes referred to as ringworm, tinea, or tinea 
circinata. It is customary to recognize a human type of microsporosis, caused by 
Mtcrosporum audoumi, and an animal type, caused by Mtcrosporum cams (from 
the dog). The human type is important only for the scalp, as the lesions which 
may appear on the glabrous skin arc rather insignificant and come from scalp 
transfer. It does not affect the beard. The areas of alopecia of the human type 
show grayish scales, have definitely outlined borders, and are covered with 
diseased hairs broken off about 3 to 5 mm. above the scalp surface. The affected 
areas never contain any normal hairs On epilating one of these grayish stumps of 
hairs there is evident a whitish collar of polyhedric spores (2 to ip) on the 
surface and hyphae growing within the shaft of the hair. This infection attacks 
young children almost exclusively, and Brumpt advises considering an infection of 
animal origin when one of these small-sporcd ringworms is found in an adult. 
The human type usually causes little pustulation, although secondary bacterial 
infection due to scratching may occur. Castcllam (1934) reported that in Ceylon 
and China a species, M. scolaceous (Bod in), leads to permanent alopecia. 

The animal species of dog origin, Mtcrosporum cants (M. lanosum), produces 
both tinea tonsurans and circulate herpes in children and adults. The lesions are 
generally dry and scaly. The cultures grow more rapidly than those of the human 
type and they show more abundant fuseaux. 

The species causing ringworm in the cat is often referred to as Mtcrosporum 
fchnum, but it is probably the same as M. cams. It seems to prefer the glabrous 
skin, producing dry, erythematous lesions which may go on to pustulation. It 
grows very rapidly in cultures. Some kerions arc due to the cat ringworm. 

Mtcrosporum audoumi and M. cants may be differentiated by the characteristics 
tabulated below (adapted from Plaut and Grutz, 1927): 

St Audouini Si. Cants 

1 Highly contagious, causing epidemics 1. Less contagious, may cause epidemics 
in schools in families. 

2. Of long duration, resistant to treatment. 2. Of shorter duration, about one year 

3. Only the head involved, exceptionally 3 Frequently skin lesions occur at a dis- 

arcas in the immediate vicinity. tance from the head. 
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M. Audouint M. Canit 

A. Inflammatory reactions mostly lacking i£ 4. Inflammatory reaction present without 
untreated. any irritation from treatment 

*> Cultures grow slowly. 5. Cultures grow more rapidly, and colonies 

attain a larger size. 

0 Colonies remain snow-white. 6 Colonies become reddish in center when 

spindle spores are formed. 

7. Only rarely transmissible to animals from 7. Rabbits and guinea pigs eSsily infected 
cultures. from cultures. 


Cultures of Klicrasparunt are characterized by cottony, matted, or powdery 
aerial mycelium \arytng in color from white, buff, to deeper shades of brown. 
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(A) Mterofporttm cants on Sabouraud’s glucose agar. (B) A f cants multiseptate, spindlr- 
sbaped macroconidia (X “ISO ) (Courtesy, Conant ct al Manual of Clinical Mycology, Phila- 
delphia, \V B Saunders Co ) 


Microscopically the genus can be immediately identified by the large (8 to 15/4. 
in width, 40 to 150/i in length), rough, thick-walled, spindle-shaped macroconidia 
(fuscaux). Small (3 to 5/i) microconidia are borne along the sides of the hyphae. 
Racquet hyphae, pectinate hyphae, and chlamydospores are often found. 

m aidouini. This fungus is slow growing The colony consists of a set very mycelium 
which remains white The rcserse of the colony is reddish-brown to orange in color A 
few large, multisepiate fuscaux are seen in the early stages of colonial growth These 
fuseaux, typical of the genus, arc never numerous and soon disappear. Microconidia are 


254 


BACTERIOLOGY 


present, borne laterally along the hyphae. Racquet mycelium, pectinate bodies, and 
chlamydospores are found, 

m cants. The colony develops rapidly with a buff or light brown, cottony acral 
mycelium. Colonies become reddish in the center when spindle spores are formed. The 
reverse of the colony is reddish-brawn to orange in color. Numerous large, molOseptatc, 
spindle-shaped macroconidia (fuscaux) are present. Racquet hyphae, pectinate bodies, 
chlamydospores, and sometimes spiral hyphae are found. 

Trichophytosis. Species of the genus Trichophyton, like those of the genus 
Microsporum, produce ringworm of the scalp, glabrous skin and beard, but in 
addition the nails, inguinal region, toes, interdigital spaces, axillae, and the body 
in general may be affected. The lesions vary according to the site and species 
responsible. Depending on the position of the fungus within the hair, it is 
customary to divide members of the genus Trichophyton into several groups. 

ENDOTHRIX TRICHOPHYTON AND NED-ENDOTHRIX TRICHOPHYTON CROUPS. In the Cltdo 

thrix group, the hyphae are confined to the interior of the hair, whereas in the 
neo-endothrix group, in addition to hyphae in the interior, there are a few hyphae 
growing along the outside of the hair shaft. Three subtypes have been described 
in the endothrix group of Trichophyton infections, Trichophyton tonsurans, T, 
v'tolaceum, and T. sahouraudi infections. 

In the first type there are many normal hairs in the region of alopecia. The 
scales covering the affected spot, if gently removed, show flattened, diseased hairs 
lying beneath them, often assuming bizarre shapes. This infection rarely itches. It 
is very contagious. This ringworm may also occur on the face, neck, and hands of 
children showing the infection as red areas with little vesicles or papules. The 
nails may be invaded. 

The T. sahouraudi subtype is quite common in western Europe. In this infec- 
tion the hairs break off close to the scaly scalp patches, and show as black dots on 
the scalp surface, the "black dot” ringworm. This fungus may cause trichophytosis 
of the hands, and secondarily of the nails. The beard may be invaded. 

Clinically the lesions produced by the neo-endothrix Trichophyta are similar 10 
those produced by the endothrix group. Differentiation is made by determining 
the relative position of the hyphae to the hairs. The type species of the oeo- 


endothrix group is Trichophyton fiauutn . 

ectothrix group. Members of the genus Trichophyton are placed in this group 
when the mycelium is found both within the hair shaft and in the root sheat so 
rounding the hair. This has two main subgroups, the microides, or smafl-sp ofC 


type, and the megalo spore, or large-sporcd type. , 

Among the large-spored members of this group Trichophyton megntni ^ 
ioseum) is said to be rather common in the north of England, where its spr ^ 
seems to be through the barber shops, rather than from contact with anuta s ^ 
has spread rather widely since World War I, being reported from France, 
many, and the United States, particularly Philadelphia. The lesions ,n '° ve . 
skin or hair follicles, but chiefly the beard, and are rather dry, showing no 1 


ency to suppuration. n *kvtet 

In the microides group, the common fungus is Trichophyton mernagr p 
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(T. gypseutn, T. intcrdtgitale, T. pedis). In sycosis vulgaris, “barbers itch,” the 
lesions consist of a folliculitis of the scalp or regions of the beard complicated, 
in addition, by infection with pyogenic cocci. The inflammation results in a 
suppuration of the follicles containing the dead hairs. The same fungus when it 
invades the tissues more deeply is probably the most common cause of "kerion,” m 
which there are patches riddled with openings from which pus oozes on pressure. 
These patches are often on the backs of the hands and on the forearms in addi- 
tion to the scalp, and occur frequently in those who work with horses. When on 
the face or scalp the affected hairs can be easily and painlessly extracted from the 
root sheath; they are, however, quite brittle and may break off. On mounting in 
a clearing solution (potassium hydroxide solution) strings of spores (5/t) may be 
found on the hairs extracted from the periphery of the lesion or m the pus The 
sheath at the base of the hair has spores varying greatly in size (2 to lip). The 
microides spores of the sheath may be confused with the spore sheath of Mtcro- 
sporum audouini, but the former arc arranged in chains, whereas the latter show 
masses of polyhedne spores, about 3p in diameter. 

Grossly, colonies of the genus Trichophyton may appear cottony, granular, or 
powdery, velvety or smooth and waxy depending on the species. Pigmentation is 
variable, and colonies may appear white, pink, red, purple, brown, yellow, or 
orange. Subcultures of the colonies may result in complete or partial loss of pig* 
ment The characteristics of the colony serve to divide the genus into the gypscum, 
ntveum, rosaceum, and faviform groups. 

Microconidia arc numerous and are typically small, thin-wallcd, single-celled, 
davate comdia, 2 to fy, and are borne in grapehke clusters (en grappe) or singly 
from the sides of the hyphae 

Macroconidia (fuseaux) may or may not be present. When present, they appear 
as large, muhicclled, smooth, thin-wailed, clavatc comdia (4 to 6 p. in width and 
10 to 50p in length). Racquet mycelium, chlamydospores, and spiral hyphae are 
sometimes observed. 

Dermatopiivtids. In recent years a number of dermatologists have reported the 
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appearance o£ lesions of the skin resulting from hypersensitivity to certain fungi 
and have termed such lesions “ids.” Allergy is said to be the sine qua non of their 
existence. The term “trichophytid” has been sometimes used synonymously with 
dermatophytid but the typical skin eruption may be due to Microsporum as well as 
Trichophyton infections. Sutton (1939) points out that in a dermatophytid due to 
Trichophyton infection the trichophytin reaction becomes positive. 

The dermatophytids are fungus-free lesions. When they occur they are re- 
garded as the result of hypersensitivity of the skin to fungus products. Thus, it is 
believed that fungus-free lesions of the hands may be an allergic response and 
occur as the result of fungus infection of the feet. 

Lewis and Hopper (1943) emphasize that certain criteria must be met before 
the diagnosis of dermatophytid can be made. A primary focus of infection in which 
fungi can be demonstrated must he present. Fungi are not present in the derma- 
tophytid. The reaction to the intracutaneous test with trichophytin should be 
positive. The eruption disappears spontaneously when the primary focus of infec- 
tion is eradicated. 



Tinea pedis 
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A positive trichophytin reaction, however, does not necessarily indicate Tricho- 
phyton infection, since it has been impossible to demonstrate the fungus in many 
positive reactors. Lewis, Stovall, and Alraon believe it may be of value in a nega- 
tive way in excluding Trichophyton infection. 

Favos. This disease usually affects the hairs of the j-calp, although sometimes 
the glabrous skin and nails are invaded. It is characterized by golden-yellow, cup- 
shaped crusts fscutula), which form about the hair-follicle orifices. The scutulum 
is made up of tangled mycelium surrounding the hair with vertical mycelium 
externally and, underneath, a pus-cell layer. The scutula may remain isolated, or 



Derma tophjeifl of hands. 
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form dirty crusts on coalescence. If this impetiginous crust is removed the yel- 
low color appears. The odor of old favus lesions is that of a mouse nest. The 
causative fungus is commonly Trichophyton schoenlcint. In addition, T. violaccm, 
M. gypscum, and T. quin\canum have been isolated from favus lesions. The evo- 
lution of the condition is slow. Some European dermatologists believe the disease 
is contracted only during infancy but that once it is acquired it never disappears 
entirely spontaneously. However, Brumpt reports that there are exceptions to 
this latter view, Sutton states infection is possible in an individual of any age. 
The disease is moderately infectious and spreads by direct contact. 

The affected hairs are iustcrlcss and grayish, and although more fragile than 
normal hair, can be epilated entirely. Scarring may result. The favic hair is filled 
with air bubbles. The septate hyphal chains vary greatly in diameter (2 to 5p). 
Cultures on Sabouraud’s medium are like yellow beeswax and resemble cerebral 
convolutions. The growth is very slow and on microscopic examination there are 
very few spores. On the glabrous skin, scutuia may be found, but scaly patches arc 
more common. 

Involvement of the nails is rare and always follows lesions elsewhere. The toe- 
nails are very rarely attacked. In the absence of a prior case in a human being one 
must suspect infection from an animal source, particularly from mice, caused by 
T. tnuris . T. tnuris produces a serious favic disease in mice, attacking the head 
‘ and leading to blindness. In the human infection the lesions are common on the 
body (like herpes circinatus) and also on the head. 

Favus due to T. tnuris is reported as common in Germany, less so in England 
and France. The classical favus is found in Japan, England, and America. In the 
United States, cases arc more common in immigrants from eastern Europe. The 
disease is also common in Mexico. 

Epioermatophytosis. Epidcrmophyton may be separated from other genera 
causing dermatophytoses by the fact that its members do not attack the hairs. In 
Epidcrmophyton infections the fungus is found characteristically in the stratum 
corneum of the epidermis. These infections arc widespread in both temperate 
and tropical climates. 

The name "dhobie” or “washerman’s itch” has been given because the disease 
has been attributed to contamination of the underclothing while being washe 
with the garments of those who have the infection. This view probably has some 
foundation, but it is difficult to verify. Hebra described the condition as eczema 
marginatum as early as 1860 and since that time very little has been added to 
clinical description. It is also known under a variety of names, some of whic arc 
the following: dermatitis bullosa plantaris, dermatitis rimosa, Hong Kong 00 > 
eczematoid dermatitis, dermatomycosis, tinea circinata, and tinea cruris. ^ 

The organisms of tinea cruris {Epidcrmophyton Jloccosum) seem to e 
spread if not ubiquitous. They are exceedingly common on the feet. This taycoi^ 
spreads through the inmates of schools, barracks, and gymnasiums an 
passed along by bathtubs and swimming pools. The fungi live for ong P" 
of time in shoes, slippers, and socks, and may be acquired from towe s an 
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haps by shaking hands. Seme individuals seem to he more susceptible than others, 
and it has been suggested that differences in susceptibility may be due to different 
activity of the sweat glands. 

The favorite site is the crotch, although the axillary regioirand the imerdigifal 
spaces are also frequently involved. The process starts as minute papules, but 
these rapidly develop and give rise to angry, red, swollen patches with sharply 
delimited margins. These red, festooned patches are usually limned to the 
perineum, scrotum, and timer surfaces of the thighs. The itching is often dis- 
tressing, and many secondary infections or eczematous lesions result from the 
fierce scratching of the parts If the patient goes to a cooler place the process may 
subside only to return when he returns to a hot, moist cl imate. 

In some cases the fungus mvades the regions between the toes and gives rise 
to a very intolerable itching and, from secondary bacterial infection, to a condi- 
tion known as "mango toe." Other favorite sites for the growth of these fungi are 
along the outer and inner borders of the foot, in the plantar concavity opposite 
the instep, and in the crease between the buttocks. The lesions on the feet are 
well known under the designation “athlete's foot.” They frequently spread to the 
interdigttal surfaces of both hands and feet, thence spreading to the palms or 
soles. Eczema, pompholyx, cheiropompholyx, and a number of other names have 
been given to these lesions of the hand and foot. 

Numerous cases of eczema marginatum and extensive hchimfied eruptions of 
the skin have been reported in the Far East and the United States as due to the 
species T. rubrum by Lewis, Montgomery, and Hopper (1938) and by Swartz and 
Conam (1940). 

Epidermophyton flocoosum in culture develops a small, round, elevated colony, 
greenish-yellow in color, velvety, dry, somewhat powdery, and seldom seen over 
2 cm. in diameter, Pleomorphiam appears in three ro four weeks, at which time the 
hyphae become white or gray. The culture appears like a flattened cone with a 
central apex, and radial folds extending to an irregular border. Microscopically 
E. poccosum shows many fuseaux, 6 to 8 X 20 to 35^, with four or five septa. 
These are thick-waflcd and clustered. 

Trichophyton interdigitale and T. rubrum (T. purpureum) are sometimes iso- 
lated from tinea cruris T. interdigitale grows more rapidly than E. fioccosum. The 
colony develops a central boss covered with pale buff velvet. The rest of the colony 
is white with no pigment on the reverse side. T. rubrum (T. purpureum) develops 
on the sixth to eighth day as a white, velvety colony. On the tenth to twelfth day 
a reddish purple color appears at the base of the colony. 

The diagnosis of mycotic infections of this type should always be confirmed 
With the aid of the microscope. Fortunately the microscopic diagnosis is quite 
simple and usually successful All that is necessary is to take a small portion of the 
epidermis from the periphery of the lesion or she roof of the vesicle and immerse 
ir for a sufficient time (Vi to 24 hours) in a JO per cent solution of potassium or 
sodium hydroxide. This is done on a slide, the preparation being covered with a 
coverslip and sealed with petroleum jelly if the longer period of observation is 



(A) Eftdermophyton floccosum on Sabouraud’s agar- (B) E- fioccosttm; clustered, jnultisep* 
cfavate, imcrocomdia. (X 600 ) (Courtesy, Conant el al.: Manual of Clinical Mycology, 
dclpbia, W. B. Saunders Co.) 
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desired. The larger the portion of epidermis taken for examination the longer 
the period of time required for a satisfactory clearing. 

Except through secondary infection, these mycotic infections are never dangerous 
to life. The fungi imprisoned in the scales have been said to survive for over a year, 
so that a patient might be reinfected from 
his own slippers, shoes, etc. As the organ- 
isms multiply in the epidermis, they may 
live and carry over the infection to more 
favorable sites without ever being thrown 
off from the skin. Hence the advantage of 
using medicaments in the chronic forms 
of this mycosis which will keep the lesions 
desquamating mildly. 

Tinea Imbricata ( Malabar Itch, Toke- 
lau). This form of tropical ringworm is 
found chiefly in the islands of the South 
Pacific and m the Malay Archipelago. It 
is also found m southern China, southern 
India, and Ceylon It has been reported 
from Colombia, Brazil, and Guatemala by 
Figueroa and Conant (1940). Because the 
disease was carried from the Tokelau 
Group to Samoa it is often designated as “tokelau.” 

Manson was the first to recognize the infection as due to a fungus which he 
demonstrated microscopically in the scales. He was able to transmit the disease by 
inoculation. 

The specific cause of tinea imbricata is Trichophyton concentrtcum. It was for- 
merly supposed that the causative fungus was Aspergillus concentncus but 
Castellam has demonstrated that fungi of this genus, when present, arc merely 
accidental. He has isolated in pure cultures what he considers the causative fungus. 



Tinea cruris (From Maser) 
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Onychomycosis, showing friable, brittle nails caused by Eptdermophyton floccosum. 


T. concentricum. Scales were treated for 10 minutes with absolute alcohol and 
then a single scale was placed in each of a series of tubes of maltose broth. 

The fungus grows between the rcte malpighii and the external epidermal layers 
forming a network of mycelial threads, about 3ji in width. 

Another fungus which has been isolated from tinea imbricata scales is T. 
indiettm. Inoculation of this organism in pure culture has produced the disease. 

Da Fonseca has isolated, in Brazil, from a dermatosis called “chimbere a species 
which he named T. roquetti. It is perhaps identical with T. concentricum 
When this disease is introduced into a country with a relative high humidity 
and a fairly uniform temperature, between 80° F. and 90° F., it spreads with great 
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rapidity. A dry climate or one showing considerable variations in temperature is 
not favorable for its spread. 

The clinical characteristic of this form of ringworm is the presence of rosette- 
like lesions of several concentric circles of >hingle-like, papery scales which arc 
fixed peripherally and free toward the center, thus, from its imbrications, sug- 
gesting the name given it by Mattson. If one passes the finger over the affected 



Tinea imbrieata (After Henpgdcr > 


surface from without inward there is no sensation of roughness but if passed 
from the center outward the free borders of the scales give a sensation of rough- 
ness. 

When the disease is transmitted by inoculation, after about 10 days a raised, 
brownish spot appears at the site of inoculation. This spot increases in size until 
when about % inch in diameter its central portion becomes detached, thus giving 
rise to several thin, rosette-like scales, free at the center but still attached 
peripherally. The fungus advances peripherally, leaving a smooth surface within. 
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In infected individuals, as these circles extend peripherally they meet the 
peripheral rings of other circles so that various curves appear which give the gen- 
eral appearance of watered silk The flaky scales are of tissue-paper thinness and 
are of a dirty, brownish-gray color. The general health of the patient is not 
affected, but the itching is very severe. There is an entire absence of inflammation 
about this ringworm, thus differentiating it from the more common tropical ring- 
worms. Again the axillae and the crotch are much more rarely affected than in 
other ringworms, and this is also true of the face, hands, and soles of the feet. 
The scalp is never affected. Some claim that the fungus never invades the nails, 
but Manson states that this frequently occurs. The presence of the fungus in the 
scales treated with 10 per cent solution of potassium hydroxide differentiates the 
scales from those of icthyosis. Tinea intersecta is somewhat similar to tinea 
unbncata when first appearing, showing dark-brown patches, but it never shows 
the concentric rings. The ordinary ringworms present inflammatory characteristics. 

Aspergilloses. Various infections of the skin (including the mycetomas) and of 
the ear and lungs have been reported as aspergilloses Various species of the 
family Aspergtllaceae, to which belong the very common saprophytic fungi of the 
genera Aspergillus and PemctUtum, frequently cause contamination of bacterio- 
logy plates and other cultures. Similarly, they may at times find a suitable medium 
in the skin, ears, and lungs, and many mycologists question the importance of 
these fungi as primary mcitants of disease. The colonies of the organisms, together 
with those of the yeasts, Mucors, and spore-bearing bacteria, should be familiar to 
every laboratory worker. 

In the family Aspergtllaceae the genera Aspergillus, Pemcillium, and Scopu- 
lartopsts will be considered. In the study of cultures and microscopic preparations 
of fungi it is assumed that the worker is familiar with the more or less round 
vesicle of Aspergillus which terminates the conidiophore (specialized spore-bear- 
ing stalk arising from the septate mycelium). From the vesicle, sterigmata grow 
which give rise to chains of conidia The entire fruiting body, when viewed 
under low-power lens, gives the appearance of a round mass of black spores on a 
stalk. In the genus Pemcillium the conidial chains extend from a conidiophore 
possessing no vesicle. The individual organism somewhat resembles the skeleton 
of a hand, including the carpal and metacarpal bones, as well as the phalanges 
(represented by the chains of spores). In Scopulariopsis, branching of the conidio- 
phore is irregular. Spores, which appear in chains, are yellowish-brown and have 
a spiny wall. 

Material for microscopic examination is abundantly at hand in the patches of 
molds on decaying fruits or vegetables, as well as in contaminated plates. The very 
common blue-green mold is Pemcillium crustaccum Scopulariopsis brcvtcaule, 
when grown in material containing arsenic, produces a strong odor of g3flic, 
and is the basis of a very delicate test for arsenic (arsenic m the proportion of 1 
part m 1,000,000 may be detected by this method). The very black molds will in 
many instances show the fruiting bodies of Aspergillus niger. Aspergillus oryzac 
saccharifies the rice starch (diastase) and, in symbiosis with a yeast, produces the 
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Maduromycosis of foot, caused by Monosporium tp. 


In more than 75 per cent of the cases of mycetoma the foot is the only part 
affected. The bony structures of the foot, as well as the muscular and areolar tissue, 
may undergo disintegration so that on cutting into such a foot there is nothing 
normal remaining — often a cheesy mass. In the early granulomatous areas there 
are found the typical granules surrounded by an area of mononuclear and poly- 
morphonuclear infiltration. Giant cells are occasionally found. There is an inflam- 
matory edema. Externally there arc connective tissue cells and a fibrous wall. The 
blood vessels show endothelial proliferation and thrombosis. Visceral metastascs do 
not occur. 

Sporotrichosis. Sporotrichosis is a chronic infection, usually limited to the shin, 
subcutaneous tissues, and lymphatics, -occasionally involving the muscles, bones, 
joints, and lungs. 

This gummatous or ulccr3tive mycosis, which usually follows the course of the 
lymphatics of the forearm and arm, generally starts from a thorn prick of the hand 
or phalanges. 

The infection is caused by Sporotrtchum schenc\ii ( S . bcurmanm). MemberJ ° 
the genus Sporotrichum are widely distributed as saprophytes. The fanuy 
Sporotricheae is characterized by branched, septate mycelium. The spores, « ^ 
are generally single or in small clusters and never in chains, project from * e 
sides of the hyphae on short sterigmata, or may be sessile. The hyphae are about 
2fi in diameter. In the pus or tissues of sporotrichosis lesions one never n 
mycelium, but only cigar-shaped, yeastlike bodies phagocytized in the monocyte 
For diagnosis one should always culture the pus or scrapings (preferably from 
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Section from a Madura foot (After Fulleborn.) 


unopened lesion). The colony first appears about the second day, and a micro- 
scoptc preparation shows the narrow mycelium with spores (3 to 5^) usually in 
groups at the ends of the hyphae. Optimum temperature of incubation is from 
30° C. to 38° C. 

The isolation of the fungus from a sporotrichosis lesion was first reported by 
Schenck in 1898, and later the infection was recognized as a clinical entity by 
Bcurmann and Raymond (1903). From a standpoint of reported cases, France and 



Sporotrichosis. African native. 
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the United States are the chief countries showing infections, but this may fee 
due to the more frequent search for the fungus in these countries. Other cases 
are reported from South America and Africa. 

Spontaneous infections due to S. schenc^ii have been observed in rats, dogs, 
and horses. The organism has been isolated from soil and plant material. 

Widal and Abrami Have proposed an agglutination test, and others skin tests, 
but the culturing technic is so simple and satisfactory that it is given preference. 

Sporotrichosis when uncomplicated is rarely fatal. If untreated, however, it per- 
sists for months or years. Treatment with potassium iodide is usually effective. 

Sporotricheac have been isolated from cases of tinea albigena, a skin infection 
of the hands and soles, later extending to the arms and legs, and quite prevalent 
in the East Indies. The fungus is Alctirisma albiciscans. A black grain mycetoma, 
due to Trichosporitm khartoumensts, has been reported from the Sudan. 

Chromoblastomycosis. Chromoblastomycosis is characterized by the formation 
of cutaneous, verrucous nodules especially on the feet and legs, although the in- 
fection occasionally occurs on the hands, neck, face, chest, ears, shoulders, and 
buttocks. The first case, described by Lane and Medlar (1915), was due to a fungus 
which was cultivated by Thaxtcr and named by him Phtalophora verrucosa. 

Medlar found that the cellular reaction to the fungus resembled a typical 
blastomycotic lesion. There was an inflammatory reaction varying from acute to 
chronic in type and a moderate increase in connective tissue. The process was mon 
marked in the corium, but was also found to a slight extent intraepidermaily. fa 
the regions where the acute inflammatory reaction predominated, the exudate con- 
sisted chiefly of polymorphonuclear leukocytes and a deposit of fibrin, with an 
occasional eosinophil. As a general rule, in some portion of these miliary abscesses 
one or more microorganisms were present. 

The infection usually begins on the feet or legs and is nearly always un/fatcr - 
The early lesion appears as a small papule which extends peripherally. At t- !S 
stage the lesion may easily be confused with ringworm. Weeks or months later 
more lesions appear which are situated along the paths o£ the lymphatics. T r 10 
fection at this time appears as warty, cauliflower-like, hard, red to grayish no cs - 
The papillomatous lesions may become pedunculated and ulcerate owing 
secondary infection. Generally, however, the lesions are dry. The disease 
gresses slowly so that it may take 15 years before the entire extremity is 3 ^ 
Metastases arc uncommon and the infection may disappear spontaneously- 
narily the health of the patient is good. Diagnosis depends on laboratory « 3nl 
tion of the tissue and the recognition and cultivation of the causative fungut-^^ 
Conant (1944) believes that the term “chromoblastomycosis is a ®‘ sM 
since it implies that the lesions have a typical color, and in addition, 1 ere 3r 
buds or blastospores present in tissue or cultures. _ 

Cases have been reported from Puerto Rico, the United States (notab y in 
St. Louis, Missouri, and North Carolina), Uruguay, Argentina, Guatemala, / F 
Java, and Africa. , , - logic 

Carrion (1940) believes that at least three species of fungi are the e 
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agents of this disease: Hormoderdrum pedrosoi, H°rtnodendrum compactum, and 
phialophora verrucosa Moore and Almeida, who have studied the disease in 
South America and the United States, recognize as causative fungi species of 
ArothCca, Phialophora , H or mode* drum, and possibly Trtchosporurn. 

Material from lesions should be examined microscopically and cultured on 
Saboura ud’s agar at room temperature for one month before discarding. H com- 
pactum, H pedrotoi , and P. verrucosa appear identical in pus or scrapings. Septate, 
thick-walled, dark-brotvn bodies are present. 

H. pedrotoi and P. verrucosa produce slow-growing, dark-brown colonics which 
may show considerable variation H. compactum is typified by slow-growing, 
friable, heaped, olive-black colonies. 

P. verrucosa produces flask-shaped contdiophores at the cup-shaped tips of 
which OOtudia are formed The comdiophores may be borne laterally, terminally, 
or in clusters on the aerial mycelium. The presence of flask-shaped comdiophores 
is diagnostic. 

H. pedroioi shows much variation in comdia formation. Three types of spol- 
iation are described. The Hormodendrum type is characterized by the presence of 
comdiophores bearing chained comdia The comdia arc olive to brown m color, 
single-celled, afld connected to each other by thick disjunct*. The Arotheca type of 
spoliation shows comdiophores developing terminally or as single, lateral 
branches on aerial mycelium The conidiophore is club-shaped from which 
conidta sprout on short protuberances. The Phialophora type is characterized by 
flask-shaped comdiophores. 

H. compactum is differentiated from H. pedrosot by the formation of terminal 
and lateral comdiophores from which comdia are produced in chains and are 
typically arranged in compact masses 

Antibiotics 
Historical Notb 

As early as I?77 Pasteur and Joubert were aware of ba aerial antagonism, having ob- 
served the phenomenon in cultures of Bacillus anthracts m the presence of contaminating 
organisms They even suggested the therapeutic possibilities of this phenomenon 

Emmerich and Loew in 1899 used culture media containing a growth product of 
Pseudomonas pyocyanea, "pyocyanase," in the treatment of experimental anthrax In 
addition to “pyocyanase," anoiher antibiotic substance was isolated by Wrcde and 
Strack which these investigators called “pyocyanm “ 

In 1913 Msberg and Black isolated a substance which possessed antibiotic properties 
effective against certain Gram negative and Gram-positive pathogens. It was given the 
name “penicilhc acid,” having been isolated from Pemcdfmm pubentlum 

In 1924 certain strains of Actinomyces were observed by Gtaua and Dath to possess 
antibiotic properties. The substance isolated from these organisms was called “actmomy- 
cetin" and war found to be effect! »e against Gram-positive as well as Gram-negative 
bacteria. 

Fleming, in 1929, discovered peeualhn. Strains of Penirdhum note turn, classified by 
Thom, elaborated this important antibiotic. The amazing therapeutic possibilities of this 
substance have Stimulated further intensive investigation in the field of bacterial antago- 
nism. 
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Antibiotic Agents of Bacteiuu. Orici.v 

(Reprinted by penrn.uon from Hertelf. "Penicillin a „J other Antibiotic.," 
W. n. Saunders Co., 19-15) 


Antibiotic Agent 

Organism from H'Atrb 
Derived 

Author Who Described 
Agent and Date of Report 

Organisms Sensitise 
to Agent 

Pjocyanase 

Pseudomonas aeruginosa 

Emmerich and Loew, 1899 

Cram-positive and 
Gram -negative 

P>ocyanm 

Pseudomonas aeruginosa 

Wrcde and Stuck, 1924 

Mainly Gram-positive 

T> rothricin 
Gramacidin 

T> rood me 

Bacillus brevis 

Bacillus brent 

Bacillus brens 

Dubos, 1939 

Hotchkiss and Dubos, 1940 
Hotchkiss and Dubos, 1940 

l Gram-positive 
Gram-positive 
Gram-positive; some 
Gram-negative 

Baeiflin 

Bacillus subtilu 

Foster and Woodruff, 1946 

Gram-postiveand 

Gram-negative 


Hethcrington and Raistrick in 1931 reported a species of Penicilltum, P. citnnum, 
identified by Thom, as the source of another antibiotic substance, citrinum. These in 
vestigators report that the substance i\ primarily effective against Gram-positive bactena. 

Ghotoxin, described in 1936 by Weindhng and Emerson, was next isolated from 
Trtchoderma Itgnorttm, and was found to inhibit growth of certain Gram-positive ant 1 
Gram-negative organisms. In 1933 Anslow and Raistrick. described fumigatin, elabortfcd 
by Aspergillus f urn t gat us. which possessed inhibitory activity against certain Gram- 
positive bactena. 

A substance produced by Bacillus brevis, gramacidin, was next reported by pubosi n 
1939 Gramacidin was later called tyrothricin since it was shown that the original gramf 
cidm was a mixture of two substances, pure gramacidin and tyrocidine. Tyrothncin ** 
effective against Gram-positive bacteria, but practically is useful only in superficial mo- 
tions, since it is highly toxic on parenteral injection. 

Waksman and Woodruff m 1940 described actinomycin A and B, isolated from 
Actinomyces antibioticus. and in 1942 they reported still another antibiotic substance* 
streptothnein, derived from Actinomyces lavendnlae The growth of certain Gram 
negative and Grjm-positivc organisms was found to be inhibited by these substances 
Claviformin, derived from Pemctlhum chmformc, was reported by Chain, Florey, aj 1 
Jennings in 1942 to possess antibiotic activity against Gram-negative and Gram-p°s |DvC 
bacteria Claviformm was later described as ‘‘patulin.” 

In 1943 another substance elaborated by Aspergillus flams, called "aspergtllic acI ’ 
was described by White and HiH as effective against both Gram-positive and Gram neg a 
Uvc pathogens. In the same year flavicin, reported by Bush and Goth, and helvolic aci , 
described by Cham, Florey, Jennings, and Williams, both derived from Aspefgai 
flavus. were noted to possess antibacterial activity against Gram-positive organisms. 

Another substance, somewhat similar to penicillin, was reported m 1943 y 1 
which he called gigantic acid since it was derived from Aspergillus giganieus 
Shatz, Bugle, and Waksman m 1944 described streptomycin, obtained from two su* 
of Actinomyces gnseus Streptomycin possesses little or no toxicity to laboratory am 
and will be discussed in more detail , ^ 

Flavicidm, reported by McKee and Rake and Houck in 1944, was noted to e 
to penicillin in its antibiotic activity. The substance was isolated from Aspergi as p 
Undoubtedly more reports will appear m the literature describing furt cr a 



MEDICAL MYCOLOGY 


273 


T able 16 

Antibiotic Agents Derived from Molds and Fungi 

(Reprinted by permission from HerreU’s ‘TcniciIIin and Other Antibiotics," 
W. B Saunders Co , 1945) 


Antibiotic Agent 

Organism from Which 
Derived 

Author Who Described 
Agens and Date of Report 

Organisms Sensitive 
to Agent 

Penicilhc acid 

Penicilhtim ptiberttlum 

Alsbergand Black, 1913 | 

Gram-positive and 
Gram-negative 

Penicillin 

Pent a Ilium no la turn 

Fleming, 1929 i 

Gram-positive and 
some Gram-negative 

Citrtmn 

Pe met Ilium citnnum 

Hethermgton, Raistnck and 
others, 1931 

Gram-positive 

Gliotoxm 

Tnchoderma hgnorum 

Weindlmg and Emerson, 

1936 ! 

Gram-positive and 
Gram-negative 

Fumigatin 

Aspergillus fumigatus 

Anslowand Raistnck, 1938 

Gram positive 

Claviformm* 

PemctlUum clavtforme 

Cham, Florey and Jennings, 
1942 

Cram-positive and 

Gram negative 

Fumigacmf 

Aspergillus fumigatus 

Waksman, Horning and 
Spencer, 1942 

Gram-positive 

Ciavacin* 

Aspergillus elavatus 

Waksman, Horning and 
Spencer, 1942 

Gram-positive and 

Gram -negative 

Aspergilhc acid 

Aspergillus flavus 

White and Hill, 1943 

Gram-positive and 
Gram-negative 

Flavicm 

Aspergillus flaws 


Gram-positive 

Hdvolic acidt 

Aspergillus fumigatus 

Chain, Florey, Jennings and 
Williams, 1943 

Gram-positive 

Patulin* 

Penicilhtim patulum 

Raistnck and others, 1943 

Gram-positive and 
Gram-negative 

Gigantic acid 

Aspergillus giganteiii , 

Philpot. 1943 

Gram-positive 

Flavicidm 

Aspergillus flavus 

McKee, Rake, ami Houck, 
1944 

Gram-positive 


•Claviiormin, ciavacin, and patulin are similar if not identical 
IFumtgacm and helvohc acid are similar if not identical 


substances produced by bacteria and molds Apparently the phenomenon of bacterial 
antagonism is widespread in nature, but intensive investigation will be necessary before 
definite therapeutic value can be ascribed to many of these antibiotic substances. 

Penicillin 

Fleming’s report of the lysis of staphylococcal colonics in the vicinity of a con- 
taminating PeniciUium appeared in 1929. Thom classified this mold as Pcntctllium 
ftotatum. In 1941 it became apparent, as a result of investigations by the Oxford 
workers, headed by Florey, that the broth filtrates of this mold, containing peni- 
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Table 17 

Amtibjotjc Acents Derived from Actinomycetej 


(Reprinted by permission from Herreff's "Penicillin and Other Antibiotics/’ 
W. B, Saunders Co , 19-15) 


Antibiotic Agent 

Organism from Which 
Den fed 

Author Who Described 
Agent and Dale of Report 

Organisms Stiutttrt 
to Agent 

Actmomycetin 

Actinomyces 

Gratia and Darh, 1 924 

Grant-positive and 
Gram-Pcgarive 

Actinomycm A 

Actinomyces antibioticus j 

Waksman and Woodruff, 
19-10 , 

Gram -positive 

Ac tummy cm B 

Acttnomycet an ttho liens 

Waksman and Woodruff, 

1 1940 

Gram-positive 

Strep to thricin 

Actinomyces lavendulae 

8S5 ■ 

Gram -negative and 
Gnm-poutire 

Streptomycin 

Actinomyces grtseus 

Schatz, Bugie, and Waki- 
man, 1944 

Cram -negative and 

Gram -positive 


ciilin, were of possible therapeutic value. Florey visited the United States in tlif 
summer of 1941 and with the help of Thom, principal mycologist of the U. S. De- 
partment of Agriculture at Washington, D. C., succeeded in launching a program 
of investigation under the auspices of the Committee on Medical Research of the 
Office of Scientific Research and Development. From 1941 to the present time a 
host of American investigators have been engaged in fundamental research which 
has had much to do with the successful clinical use of penicillin. 

Although P. notatum is the common species used in the production of penicdlm, 
according to Caghill one of the best producers of this substance is P. chrys<g< aum ' 
There is every reason to believe that further strains of PcnUittium will be isolate 
with far greater penicillin-producing potency than our known present strains- 

fn general, three methods have been employed for the production of pemrilbn~ 
surface culture, submerged culture, and bran culture. A number of different a 
have been utilized, but at the present time three seem to be most effective fof t c 
production of penicillin: (1) Clutterbuck, Lovell, and Raistrick s modification 
the synthetic Czapek-Dox medium , (2) amigen medium, and (3) corn steep lt 5 w,f 
and zinc medium. 

Free penicillin exists as an organic acid 3tid reacts chemically to form sard* 
sales and esters. Tsvo salts of penicillin most widely investigated ate the 10d ' 
and calcium salts. Other salts which have been prepared include barium, pa 


sium, magnesium, ammonium, silver, and strontium salts. 

Clinically the sodium salt of penicillin has been most generally used. Thn 
is very hygroscopic, is easily destroyed by alteration of the pH, and ,, very s 
tive to oxidizing agents. Heat, primary alcohols, and contact wtth heavy m 
will alter the penicillin. Sodium penicillin, therefore, must be stored m 
frigeratorat a temperature no higher than 5 C. 
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Thtf caloum salt is not hygroscopic and consequently is handled with greater 
convenience than the sodium salt Herr ell and his associates believe the calcium 
salt is no more toxic than the sodium salt, and they state that in preparing oil sus- 
pensions of penicillin the calcium salt is more desirable and satisfactory than the 
sodium salt 

Four fractions have been found in penicillin, which have been designated as I, 
II, III, and K by the British, and as F, G, X, and K by the American investigators. 
The following nomenclature is used in the monograph on the Chemistry of Peni- 
cillin, published under the auspices of the National Academy of Sciences, based 
on the work of both groups - ^^-pemenylpemallin (I, F), bcnzylpemcillin (II, G), 
p-hydroxybenzylpemcillin (III, X), and n-heptylpenicillm (K). The antibacterial 
activity of these fractions, apparently, may vary. Moore (1946) points out that frac- 
tion K is not as effective against Treponema pallidum as fraction G. A specific lot 
of penicillin, therefore, with a considerable amount of fraction K and a propor- 
tionate decrease in fraction G may be considerably less potent than other lots of 
penicillin. 

The synthesis of benzylpcmcillin (although in minute yield) has been reported 
by de Vigneaud et al. ( Science , 1946). These investigators report its isolation in 
crystalline form and positive identification with the natural product They state, 
however, “Because of the obscurity of the reaction mechanism, the synthesis, at 
this stage of development, cannot be used as synthetic proof of structure of peni- 
cillin.'’ 

Stone and Farrell ( Science , 1946) have reported the production of penicillin in 
substantial amounts in synthetic media of known composition, from which it can 
be isolated and purified with relative case The rate of growth was slower, how- 
ever, and the details of the procedure required more precise adjustment than with 
corn steep media 

Penicillin is effective tn vitro against the following organisms: Dtplococcus pneu- 
moniae, Streptococcus pyogenes, Streptococcus saUvartus, micro-aerophilic strepto- 
cocci, Staphylococcus aureus. Staphylococcus albus (some strains). Bacillus 
anthracts , Bacillus subtths, Clostridium botultnum, Clostridium tetani, Clostridium 
perfringens {C. tae/chii), Clostridium septicum, Corynebacicrium dtphthenac, 
Streptobacillus moniliformis, Erysipeloihrtx rhusiopalhiae. Neisseria gonorrheae. 
Neisseria mtracel/ularis, Actinomyces bovts, Vibrio comma, Leptospira teterohaem- 
orrhagtae , Treponema pallidum, Borrelta novyi, and Spirillum minus. 

The following organisms arc apparently insusceptible in vitro to the action of 
penicillin: Salmonella typht. Salmonella paratyphi A , Salmonella enteritidis. Shigella 
dyseotenae, Proteus vulgaris. Pseudomonas aeruginosa. Pseudomonas fluorescent, 
Scrratia marcescens, Klebsiella pneumoniae. Hemophilus influenzae. Hemophilus 
pertussis, Escherichia colt. Staphylococcus albus (some strains), Candida albicans, 
Candida hrttsei, Blastomyces, Mycobacterium tuberculosis. Brucella mehtensis, 
Plasmodium vtvax. Toxoplasma, and Cocctdiotdes. 

Certain factors may influence ihc bactericidal activity of penicillin, not only in 
in vitro studies but alio in connection with the treatment of various infections. 
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Variations in the sensitivity of strains of bacteria may occur. Strains which otic 
at one time sensitive to the bactericidal activity of penicillin may, after adaptation 
to the substance, become ‘•penicillin last.” The size of the inoculum and the pH 
of the medium may also influence the antagonistic action of penicillin, in addj- 
tion, various acids, alkalies, certain alcohols, gastric acidity, heat, heavy metals, 
oxidation and reduction, as well as bacterial contamination may influence markedly 
the antibacterial activity of the drug. 

Although the exact mechanism of the action of penicillin is not clear, recent in 
vestigatiems indicate that the substance may act as a bacteriostatic as well as a 
bactericidal agent. Hobby has suggested that penicillin apparently is not absorbed 
or destroyed in the process of bacterial inhibition. It was found that when S. pyo- 
genes was inoculated in penicillin broth, the penicillin titer remained the same 
after inhibition had occurred. She also suggests that penicillin exerts its maximum 
effect only against organisms in the phase of active growth. 

Unlike tile sulfonamides, the action of penicillin is not inhibited in the presence 
of pus, products of tissue breakdown, or para-amino-benzoic acid. The presence 
of whole blood or scrum does not have an antagonistic effect. 

Hcrrclt believes that penicillin may have the ability to block certain enzyme sys- 
tems or interfere with the utilization* of nutrients essential for the growth and 
multiplication of bacteria. 

The action of penicillin in vivo coincides fairly well with the results obtained 
from in vitro experiments. Since it is not within the scope of this volume to include 
the clinical usages of penicillin, it is advisable for the reader to refer to the litera- 
ture and particularly to Herrell’s excellent monograph “Penicillin and Other 
Antibiotics." 


Since no accurate chemical tests arc as yet available, the methods for standardmng 
potency of penicillin or for determining the concentration of penicillin in bo y 
are based on tests which measure the degree of bacteriostasis by the sample. The P_ otc “ ^ 
of penicillin is expressed in terms of a purely arbitrary unit — the Oxford unit t ’ 
unit of antibacterial activity. . . j 

The test organism was a strain of Staphylococcus aureus Modifications of t e or, £' 
Oxford or cup method of assay have appeared m the literature, some workers recomme 
mg the use of other bacterial test strains, tor example. Bacillus subtilts. Fleming esc i 
the following method which he calls the “hole” or “agar cup” method. 

“A culture plate of agar or other suitable culture medium is planted with stop y 
streptococcus, or other suitable microbe. From this culture plate discs are cut ou „ 
a cork borer. The discs can readily be removed with a needle, fine scalpel, or F 
The removed discs are placed in a test tube and heated in a bunsen flame to iq . 
agar. Then with a capillary pipette two drops of this melted agar are placed w cat ^ 
to seal it, and prevent any fluid which may subsequently be added from s P ftfa , - j 
tteath the culture medium. In the cup-shaped holes left in the medium arc P 3C * .t 0 { 
drops of penicillin solution. This diffuses into the medium and mhibits t e g 
the test organism for a distance depending on the concentration of the so u • ^ 

a reasonably potent culture of P notaium the area of inhibition is about » m 

edge of th ^ allowing 9 mm. for the diameter of the hole) over a circle o 

in diam / 
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Streptomycin* 

Streptomycin is an organic base obtained by Waksman, Schatz, and associates 
from culture fluids of two strains of Sircptomyces grsseus. It exerts a powerful in- 
hibitory effect on many Gram-negative as well as Gram-positive organisms, in- 
cluding some which are resistant to penicillin. In adequate concentration us ac- 
tion is bactericidal as well os bacteriostatic. It is comparatively stable, and has been 
obtained relatively pure as a crystalline solid. Streptomycin is hygroscopic, but if 
preserved dry at icebox temperatures it retains its activity for at least many months 
and is stable in dilute aqueous solution at room temperature for at least two 
weeks Its activity toward Gram-negative bacilli is not diminished by constituents 
of the body fluids (diminished activity toward Gram-positive cocci lias been re- 
ported) or by contaminating bacteria — no substance comparable to penicillinase 
has been discovered, ft is partially inhibited by an acid reaction of the medium, 
being most active at a pH of 9.0, and by the presence of glucose and certain salts. 
It is inhibited completely by cysteine, but this reaction is reversible. 

In general the activity of streptomycin in vivo parallels that in vitro. Pure 
preparations have very little toxicity, cither for animals or man, but impure strep- 
tomycin may cause undesirable reactions if given intravenously. Rarely, however, 
untoward reactions probably attributable to the drug have been observed in man 
and necessitate abandonment of its use. 

Marked differences m the degree of susceptibility to streptomycin are observed 
among different strains of the same species of organism, even those which ordi- 
narily are most susceptible. Waksman regards susceptibility as a characteristic of 
a particular strain rather than of a species. A highly susceptible strain may acquire 
marked resistance to streptomycin with astonishing rapidity, particularly if ex- 
posed to sublethal concentrations of the drug This tendency seems to be con- 
siderably more marked than in the case of penicillin and the sulfonamides. Such 
acquired resistance to streptomycin does not alter previous susceptibility to peni- 
cillin, and vice versa. The mechanism of action of the two drugs appears to be 
entirely different. 

This acquired resistance to streptomycin (and presumably to other antibiotics also) is 
probably not due to a progressive alteration of the metabolic activities of the bacterial 
population as a whole but to a replacement of the sensitive microorganisms by an over- 
growth of a few resistant individuals present before exposure to the drug Alexander and 
Letdy (1947) m a study of 10 strains of type b Hemophilus influenzae isolated from pa- 
tients before treatment found a few highly resistant organisms in all the cultures, m a 
proportion of from 1 ■ 1 billion to I 14 billion. In three cases the infection became resist- 
ant to streptomycin while under treatment. Resistance was retained indefinitely when 
these strains were cultivated in the laboratory, and in one case s resistant strain was 
again recovered from the nasopharynx of the patient a year after the infection. The 
source of the initially resistant individuals has not been demonstrated, but they may be 
attributed most plausibly to a mutation. 

Miller and HohnhofT (1947) m a similar manner obtained two types of streptomycin- 
rcMstant colonics, presumably mutants, from 10 of 18 strains of meningococci which 

•Tills section has been added by the editor, and is based Urge!/ on Wais man's publications. 
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living virulent cultures are used. Hypenmmumzatian is brought about by the re- 
peated injection of living virulent cultures or virus suspensions into animals which 
have recovered from n natural attack of the disease. The hyperimmune sera so 
produced possess a very high antibody content and protective power. They have 
been used practically in the protection and immunization of animals from such 
diseases as hog cholera and cattle plague. 

Passive Immunity. If the scrum of an immunized animal, or one which has re- 
covered from a spontaneous infection, is injected into a normal animal, the latter 
may be passively protected from the infection. The degree of immunity so acquired 
is relatively less, and lasts only as long as the foreign scrum remains in the circula- 
tion — 10 days to 3 weeks. 

The substances in these immune sera upon which this protective power depends 
arc hnotvn as "antibodies/' Such sera in test-tube experiments commonly show 
various activities toward the corresponding organism, and different antibodies 
have been postulated to explain each of these activities (antitoxins, agglutinins, 
prccipitins, bacteriolysis, opsonins, etc.). It is probable, however, that these 
phenomena (except perhaps neutralization of toxin) are different manifestations 
of the activity oi a single antibody. A scrum which possesses the power of mu- 
trafizing a poison is commonly called an antitoxic serum, whereas one which acts 
more directly upon the organisms is termed an antibacterial scrum. 

Naturae Immunity. Natural or inherent immunity may depend upon species or racwl 
differences, or upon individual peculiarities. The inherent resistance of certain species of 
animals to organisms which are pathogenic for other species « usually a more complete 
immunity than arc other types, but even this is seldom absolute. Thus the fowl, which ” 
normally immune from tetanus, can be rendered susceptible by refrigeration, fct cifthe 
hilled by huge doses of the toxin. Man is naturally immune from many of the infections 
of atunuls. Natural antibodies for various bacteria occur m the serum of normal animals, 
usually in low concentration. 

Toxins. In many cases virulence is associated with the production of poisonous 
products. These arc of two types, exotoxins, or true toxins, and endotoxins Exo* 
toxins are soluble substances which are elaborated by the living organisms, and set 
free in the body fluids or in culture media. They are for the most part unstable 
substances which are destroyed by heating to 60° or /0° C., and by certain ch«TU 
cals. They are highly potent poisons which act in a specific, selective manner upon 
special tissues. After injection into an animal a definite period must elapse be ore 
symptoms appear. The injection of the exotoxin excites the production of an aIU 
toxin which completely annuls the action of the toxin. The ability to form t°vt« 
may he lost in dissociated cultures. They are formed most characteristics! y y 
diphtheria bacillus, and by tetanus and some other anaerobic, sporC-forntmg ac 
By using improved cultural methods and virulent strains of organisms, owe 
the formation of potent soluble toxins Has been demonstrated ia a nom « ' J 3 
species whose toxic action formerly had been attributed solely to endotoxins, s 
as the hemolytic streptococcus, staphylococcus, and meningococcus. . 

The toxic action of most pathogenic organisms is due. also to a su stance in 
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bacterial cell which is not liberated until the cell disintegrates from autolysis or 
from the action of bacteriolytic substances in the body. These endotoxins are less 
specific in their action, require no incubation period following their injection, and 
are relatively stable, resisting heating at 100° C. On injection into animals they 
stimulate the production of antibacterial sera which have little or no antitoxic 
neutralizing action. 

Antigen. Antigen is a term applied to any substance which, when injected 
parenterally into a suitable animal, can stimulate the production of specific anti- 
bodies. In addition to bacteria and their toxins, practically any foreign protein, 
whether animal or vegetable in origin, may act as an antigen. With a few excep- 
tions proteins from the same species of animal are not antigenic. In general only 
proteins possess antigenic power Some relatively simple chemical substances, 
however, such as certain lipoids, carbohydrates and even drugs, which are not by 
themselves antigenic, may, if combined with any protein, become capable of stimu- 
lating the formation of antibodies. These react specifically with the nonprotein 
element of the complex, but not with the protein itself. Such partial antigens are 
termed “haptenes.” They determine the specificity of the antigen. The polysac- 
charides of the pneumococcus are typical examples. 

In general, antibodies arc specific for the species of organism or antigen used to 
stimulate their formation Frequently, however, they will also act to some extent 
on some biologically related species (group reactions). Thus a typhoid antiserum 
will often agglutinate paratyphoid bacilli to some extent, and an anti-sheep precip- 
itating serum will also precipitate goat or ox serum. This action is due to the 
presence of common antigenic factors in the two species in addition to factors 
which are distinct and specific for each. 

Occasionally an antibody will act upon some entirely unrelated species, as in the agglu- 


"heterophil antibodies.” The Forssmann antigens constitute another widely distributed 
group of heterophil antigens, which contain a common lipoid haptene combined with 
various proteins On injection into rabbits they stimulate the production of antibodies 
which cause agglutination of sheep red blood cells. The antigen has been found in the 
organs of various animals (horse, guinea pig, mouse, pigeon) and in various bacteria 
(dysentery, paratyphoid, etc.) A related antigen is present in the (unidentified) organism 
causing infectious mononucleosis since sera from those affected agglutinate sheep red 
blood cells in high dilutions 

Mechanism of Production of Antibodies. The high degree of specificity of antibodies 
and the capacity of the cells to produce antibody to any one of a vast number of foreign 
proteins which they may encounter are remarkable facts which have stimulated many 
hypotheses to explain antibody production. The most plausible explanation assumes that 
antibodies arc formed from the normal globulins of the cells and that their specificity is 
determined by the stereoisomenc arrangement of the ammo acids and poljpcptid chains 
at the surface of the molecules This is determined by the configuration of the antigen, 
the arrangement of the groups in the antibody being complementary to that in the anti- 
gen. The antigen is not used up in the process but remains in the cells, and a small amount 
may thus determine the production of relatively unlimited amounts of antibody. 
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Pauliftu (1940) further elaborated this theory and conceived of the superficial polm?- 
ttd chains as folded or coiled up in a pattern which is determined by the structure of tf: 
antigen and is stable for that antigen. By subjecting normal gamma globulin from a 
serum for a time to a mild denaturing agent (alkali, heat) in the presence of antigen 2 nd 
later gradually withdrawing the denaturing agent, he and Campbell (1942) produced u 
citro specific antibodies for methyl blue, for azo-dye protein, and for type 3 pneumo- 
coccus polysaccharide. Pauling believed that an "uncoiling” of the polypeprid chains u 
effected by the denaturing agent, and that these chains subsequently re-coil in a patters 
which is determined by the antigen present. 

It has been generally believed that the circulating antibodies arc formed, in large part 
at least, by the macrophages of the reticuloendothelial system. Recent work (Harris et 
a!., 1945), however, supports the view that the lymphocytes play a more direct part » 
their production. 

Chemical Nature. The antibodies arc globulins and are concentrated in the “gamma" 
globulin fraction of the plasma proteins as separated by the methods of Cohn and asso- 
ciates. Comma globulin constitutes about 1 1 per cent of the normal plasma proteins and 
therefore contains antibodies in a concentration nearly ten times that in whole plasm 
This “immune*' globulin fraction of normal human plasma has been used therapeutical 
to abort or ameliorate certain infections, particularly measles and infectious hepariw 
Practically all sera now used for therapeutic purposes arc solutions of globulin in which 
the antibodies have been more or less effectively concentrated and from which a big* 
part of the inert foreign protein has been removed. 


Serum Diagnosis. The diagnosis of an infection may be established by the demon 
Stratton in the patient’s scrum of one or more of these antibody activities again* 1 
a known bacterium. Conversely, ire may identify an unknown organism by <&• 
serving its reaction with a known immune serum. Such sera may be obtained fro® 
convalescents, but more potent sera may be easily prepared by immunizing am ' 
mals. Various other protein substances may be used as antigens, and die n:s 
obtained are used to identify an unknown protein. Rabbits are used for the. pro- 
duction of immune sera for diagnostic purposes. For therapeutic sera larger anhw 5 
have commonly been employed, but therapeutic sera obtained from rabbits possess 
important advantages over those from horses 3nd have replaced the latter for B&BJ 
purposes. A species of organism may possess several antigenic constituents, an , 
for the preparation of therapeutic sera particularly, the material inoculated *n U5 
be so prepared that all the 3ntigensare present. 


Preparation op Anti toxins These sera arc used chiefly for therapy- Beginning 
sublethai dose increasing amounts of potent toxin are injected subcutaneous y 0 
cases it is necessary to reduce the toxicity of the preparation by the addition o an 
or by converting the toxin into toxoid by treating it with formalin. wor j; 

Preparation of Precipitating Sera. A precipitating serum is used m medico cgs 
for the identification of blood stains. A rabbit »s injected intravenously wit t c 
amounts (2 to JO mi.) of human serum at five-day intervals. Five injections us a 
fice. A week after the last injection the titer of the serum is determined an *„ 

Sections are given if necessary The precipitate which forms is derived a mo* . 

from constituents of the precipitating (rabbit) serum In the tests this is use 

• t dilutions of the foreign 


tafo when 
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legal test for blood.) Precipitating sera may be prepared for otlicr foreign proteins or 
bacteria in the same way. 

Par pa ration op Acni utinatino and Lttic Sira Rabbits may be injected mtrapcrito- 
neally or preferably intravenously. The organisms are grown on suitable solid media, and 
suspensions arc made in salt solution The organisms arc killed by beating to 60° C, or by 
the addition of formalin as described under vaccines Fixe injections are given at five-day 
intervals. The dosage to be employed vjrics somewhat with the toxicity of the species 
used. The following amounts are suitable for most bacteria, such as the typhoid-dysentery 
group, cholera, etc.: first dose, 1 loopful, second dose, 2 loopfuls; third dose, 4 loopfuls; 
fourth dose, 6 loopfuls, fifth dote, 1 agar slant. This may be followed by a similar amount 
of live organisms One week after the last infection the titer of the serum is determined 
with blood from an ear vein, and if it is sufficiently high (1 : 1500 or over) the animal is 
bled from the heart with a sterile syringe and needle or other aspirating device. Twenty- 
five to 50 ml. of blood may be obtained in this way. The blood is allowed to clot, and 
the dear serum is removed. The serum is preserved by adding 0 5 per cent phenol or 50 
per cent glycerin, If badly contaminated, it may be passed through a Bcrkcfcld filter. It 
remains active for months if kept in the icebox Complement disappears after a few days, 
and for bacteriolytic experiment it must be reactivated with fresh normal scrum In order 
to secure sera of maximal protective power, as with the pneumococcus, it is essential to 
use living cultures of high virulence for the last injections 
Antibody production varies with different rabbits, and it is desirable to immunize 
several at one time to obtain a potent scrum Occasionally an animal may die suddenly 
after an injection with symptoms resembling those of anaphylactic shock when intra- 
venous injections arc given. If intrapentoneal administration is used this rarely occurs, 
but the doses given should be larger and should be followed with Jiving organisms. The 
method for preparing hemolytic scrum is described in detail in the section on the Was* 
scrinjnn reaction. 

Adjuvants In the case of many antigens, the capacity to stimulate the production of 
antibodies and produce immunity is markedly increased if the antigen is mixed with cer- 
tain adjuvant substances before subcutaneous injection The adjuvants most frequently 
used are based on that described by I'rcund and McDermott (1942). One part of physio- 
logic silt solution containing the antigen m solution or suspension is mixed with one 
part of aquaphor or falha and homogenized To these arc added two parts of paraffin oil 
in which there has been suspended a sufficient amount of dried tubercle bacilli which 
hive been previously killed by lie.it to yield a dose of 0 2 to 0 6 mg in 1 ml, of the mix- 
ture. This is thoroughly mixed and I ml is injected subcutaneously. 

1'atb.i is a proprietary mixture (PfaJtz and IJjucr, Inc, New York) described as a lano- 
linlike adsorption base, and is sard to contain beeswax, paraffin oils, and Oxycholestcrin 
extracted from lanolin. Nonpath ogeme niycob icteria may be substituted for the tubercle 
bacilli, but acid fast bactcrn have been found essential for the maximum effectiveness of 
the mixture The mode of action of these adjuvants is not understood, but presumably a 
more uniform and protracted absorption of the antigen may be a factor In animals use 
of these adjuvants Ins sometimes been followed by serious and unanticipated reactions, 
and their promiscuous me in man is not warranted at present 

Antitoxic Sira. Antitoxic scrum combines with and neutralizes the specific 
toxin molecule in vitro and in vno, so that in appropriate quantities the mixture 
is nontoxic. The antitoxin is produced by the body cells in response to their injury 
by the toxin, and is produced in such excess that free antitoxin appears in the 
circulation. By combining with the toxin in the circulation it presents the toxin 
from further injuring the body cells. Antitoxins arc also produced in response to 
the injections of other soluble poisons, such as snake venom and plant poisons. In 
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such toxin-antitoxin mixtures the toxin is not destroyed, hut is rendered in- 
nocuous. For instance, if a mixture of pyocyaneus toxin and antitoxin is heated, 
the antitoxin is destroyed, and the mixture regains its original toxicity. (Pyocy- 
aneus toxin differs from other toxins in withstanding a temperature of 100° C.) 

Antibacterial Sera. Antibacterial sera, produced by the injection of the bacterial 
bodies or the products of their disintegration, may manifest the following activi- 
ties: bacteriolysis (hemolysis) — lysis of the cells; agglutination — clumping of the 
organisms; precipitation — production of turbidity or flocculi in clear solutions, 
opsonic activity — alteration of the organisms so that they can be ingested by phago- 
cytes; complement fixation; and protective power, which may depend upon these, 
or other properties of the serum not demonstrable at present. The extent to which 
these various properties may be demonstrated varies with the species of organism 
concerned. 


Bacteriolysis. Bacteriolysis can be demonstrated by injecting cholera vibrios 
into the peritoneal cavity of a guinea pig together with a little cholera immune 
serum (Pfeiffer’s phenomenon). If at intervals a drop of exudate is aspirated with 
a fine capillary piper, actual disintegration of the vibrios can be observed. 

The same phenomenon can be demonstrated in vitt-o if tbe vibrios arc mixed 
with fresh cholera immune serum, but not if the serum is old, or if it has been in- 
activated by heating to 56° C. ff, however, a little fresh normal serum is added 
(which by itself has no effect on the vibrios), the inactivated immune scrum 
completely recovers its power of dissolving the organisms. It is said to be “reac- 
tivated. 1 ' Two substances arc, therefore, required for the reaction. One is a thermo- 
stable specific antibody, present only in the immune serum. The other is thermo- 
labile, and not specific, since it is present in fresh normal as well as immune serum. 
Furthermore, if the cholera vibrios are removed from the immune scrum by cen- 
trifugation and washed free from serum with salt solution, they will be dissolved 
if placed in fresh normal serum. They thus absorb from the serum the specific 
antibody, and become “sensitized” to the active substance in normal serum. T© 
the nonspecific labile substance in normal serum (Bordet’s “alexin”) Ehrlich gave 
the name “complement,” because it was required to complete the action of the 
specific antibody. To the latter, the term "sensitizing substance" was given by 
det. Ehrlich applied the term “ amboceptor ” to it, because he believed that it serve 
as a coupler to attach the complement to the cell. To the portion of the tt\\ W 
which the amboceptor was supposed to become attached, Ehrlich gave the name 
“receptor.” Although Bordet’s theory corresponds more closely to modern concep' 
lions of the nature of the process than does Ehrlich’s hypothesis, the latter is use u 
in furnishing a simple scheme by which the details of the process can be rca i^y 
visualized. “Complement” is not a simple single substance. At least five i crc 


ingredients are concerned in its activity- 
If foreign red blood cells are injected into an animal, analogous anti o « » 
"hemolysins,” are produced, and their effects are more readily studied, ‘ . 
phenomenon of hemolysis is easily visible. Like the bacterioiysms, the iKm«yt 
antibody, or amboceptor, is stable at 56° C., and may be kept or ong p 
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When such a serum, inactivated by heating and suitably diluted, is added to a sus- 
pension of the homologous red blood cells, no hemolysis takes place, but the ambo- 
ceptor becomes bound to the cells and sensitizes them. After the cells are washed 
and resuspended in isotonic salt solution hemolysis will take place on the addition 
of complement from some normal animal. These sensitized cells are used to 
determine the presence or absence of free complement in a mixture as in the 
Wassermann reaction and other complement-fixation tests. These reactions are 
quantitative, and the amount of the antigen, amboceptor, and complement must 
be accurately adjusted in the tests. Methods for performing these tests are given in 
detail in the section on the Wassermann reaction. 

Agglutinins. Although Gruber and Durham first noted that cultures of the colon 
bacillus and the cholera vibrio would become aggregated into clumps when treated 
with specific serum, Widal first applied this agglutination reaction to the diagnosis 
of typhoid fever. In the process of agglutination in vitro the bacteria lose their mo- 
tility (if motile) but arc not killed. They may be cultivated in broth to which im- 
mune serum is added, and in this medium they develop in clumps or chains 
(Pfaundler’s thread reaction). Agglutinins act upon dead as well as upon living 
bacteria. 

Agglutinins, like other antibacterial antibodies, arc relatively stable on standing and arc 
not destroyed by inactivation Complement is not necessary for the reaction Electrolytes 
are necessary for agglutination, therefore the scrum and bacterial suspensions must be 
prepared in physiological salt solution Union of the agglutinin and the bacteria occurs 
without the presence of salts, but the actual aggregation involves physical changes which 
depend upon the action of the electrolytes 

Of great importance in the study of agglutination reactions is the recent work 
on variation and dissociation of bacteria. Studies have shown that many bacteria 
contain more than one antigenic constituent each of which may give rise to specific 
antibodies. In the pneumococcus, for example, there is, in addition to the protein 
of the bacterial body, a carbohydrate present in the capsular material, which, when 
combined with the bacterial protein, gives to it a type specificity. This carbohy- 
drate alone is not antigenic, but it reacts like a haptene with the antibody produced 
by the combined antigen. Agglutination produced by such an antigen-antibody 
reaction occurs in large flakes. When a strain has become dissociated by prolonged 
cultivation or other means into the rough (R) colony form, the capsular material 
is lost, and the antigenic properties of the strain are thereby altered. Agglutinating 
sera prepared with these R strains are no longer type-specific, and when added to 
an emulsion of the organisms the resulting agglutination is of the small-flake or 
granular type. Such cultures also tend to agglutinate spontaneously. 

In the case of a motile species like the typhoid bacillus, there are at least two 
antigenic substances, one contained in the flagella (the H or “flagellar antigen”), 
and one in the body of the bacillus (the O or “somatic antigen"). (Sec section on 
the typhoid bacillus.) 

Of the other members of this group of organisms, some may possess one or 
another of these antigens in common. Furthermore, in some species the flagellar 
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(H) antigen may occur in two forms (diphasic). In one phase it is specific, where,! 
m the other (group) phase it is formed also in other related species. Identification 
then depends upon agglutination tests with sera prepared with each of these ami. 
genic constituents. 

For clinical purposes, however, it is usually possible to differentiate an organism 
from closely allied species by “absorption of agglutinins’* from the serum. For 
example, a typhoid immune serum will frequently agglutinate paratyphoid as veil 
as typhoid bacilli, but usually only in a lower dilution. An immune serum absorbed 
with a suspension of the homologous organism loses all its agglutinating ability 
for allied strains as well. If, however, it is absorbed with a heterologous strain, 
only the corresponding group agglutinin is removed, and the agglutinating activity 
for the homologous organism is but little affected. If an unknown organism, there- 
fore, removes all agglutinins from an immune serum, we know that it is identical 
with the type used in its production, but if it removes only group agglutinins 
leaving the specific agglutinins unaffected, it must be only a related strain. By ab- 
sorbing the group 3gglutinins from an immune serum it can be made specific. 

Diagnostic Use of Agglutination Tests. The demonstration of specific agglu- 
tinins in a patient’s serum is of particular diagnostic value in cases of typhoid and 
salmonella infections (Widal test), brucellosis (melitensis and abortus types), 
tularemia, typhus fever (using Proteus X 2 and as the antigens), Rocky Moun- 
tain spotted fever (Proteus X 10 ), and occasionally in shigella infections. Agglu- 
tinins develop in other diseases such as cholera and dysentery, but only after the 
acute phase of the disease is over, and other bacteriologic methods arc more useful 
in diagnosis. The tests are performed in the following way 


macroscopic agglutination tests. Suitable bacterial suspensions may be purchased, or 
they may be prepared in the laboratory. Strains of known agglutinability are grown on 
appropriate solid media, and emulsified in a few ml. of sterile salt solution. To this suv 
pension is added 0 1 per cent of formalin. The tubes are then stoppered tightly and p ace 
in the icebox for three days, after which they should be sterile. These formohzed suspen 
sions keep for months. Live suspensions may be used equally well, but are less ik ° 
handle. In the case of the typhoid bacillus, however, the O antigen is interfered wit X 
the formalin and it is necessary to use in addition an alcoholized suspension wnic con 
tains the O antigen, and preferably also a live suspension of a strain that contains 
Vi antigen. Parallel tests should also be made with the paratyphoids. When the ,oS I* 
sions are sterile they are diluted with salt solution to a constant density— approxima 


that of tube 5 of the nephelometer tubes used in preparing vaccines. 

Ten small test tubes of about %-inch diameter arc placed in a rack. Into the “ 
is pipetted 0.9 ml. of physiological salt solution, and into each of the other tu es 
To the first tube is added 0 I ml of the serum to be tested. After the contents o f c 
are roiled, 0.5 ml. is transferred to the second tube, and so on through t e nin 
Five-tenths ml. is discarded from the ninth tube. Onc-half ml of the bacteria suspc 
is then added to each of the 10 tubes. The scrum dilution in the first tu c is now • ’ 
in. the second tube 1 40, and so on The dilution m the ninth tube is I : 51 
tube is a control without serum. The tubes are shaken and placed in a water a 
C. for two hours, and agglutination recorded if present. Then the tubes are p ace ^ 
icebox osernight and read the following morning. The tubes are f * pre . 

highest dilution in which definite agglutination is apparent is noted. This i u 
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scat* the titer of the serum In some cases, especially with the Brucella group, agglutina- 
tion may be absent in the first few tubes, and appear only in the higher dilutions (proag- 
glutinoid rones). 

In order to avoid the difficulty arising from variations in the agglutinabfliry of different 
strains of typhoid bacilli, and to standardize the results of agglutination tests, Dreyer pre- 
pared "standard agglutmable suspensions” suitable for making the test, by the addition 
of 0 { per cent formalin to broth cultures These suspensions arc standardized against a 
particular antiserum, and any increase or decrease m the agglutmabihty of the emulsion 
is expressed as an “aggluhnability factor” by which a correction can be made. The end 
tuer of a scrum is converted mto a "reduced-titer” by dividing the dilution by this factor. 
Since these suspensions were first used it has been found that the use of formalin inter- 
fered with the O antigen and that only the large-flake agglutination characteristic of the 
H antigen occurred. If, therefore, the agglutinins sn the serum of a typhoid case are 
mainly of the O type, as sometimes happens, this suspension may fail to detect it For 
this reason an additional suspension is now made which is kept m the form of a thick 
emulsion in 50 per cent alcohol, diluting it to the required density with salt solution 
when performing the rest. In uung these standard agglutmable cultures for the antigen, 
therefore, one uses both formohzed (H) antigen and alcoholized (0) antigen. 

For the interpretation of the results of agglutination tests m various diseases sec the 
sections m preceding chapters. 

Tests for the identification of unknown bacteria with immune sera are made m the 
same way. Since the titer of these sera is higher than that usually found in a patient’s 
serum, the dilutions may start xvith l 50 or 1 100 Type determinations of pneumococci 
and meningococci are described in those sections 
Slide Agglutination Test t It is often simpler to perform slide agglutination tests than 
the tube test. This is especially true in the grouping and typing of enteric organisms A 
sheet of glass » ruled off m squares with a diamond point of ink Loopfuls of the sera to 
be used are placed in each square and a small amount of the antigen is added to each. 
Mixing is accomplished by tilting the plate gently back and forth. Agglutination can be 
seen easily when the plate is held against the light Sera for the grouping and typing of 
the shigella are so standardized as to be used in this technic 
Tests similar to the Widal can be performed, by the slide method more rapidly than 
by the tube technic The patient's serum can be diluted with a serologic pipet and special 
antigens ("febrile” antigens) used. 

microscopic agglutination tests These test* ate less commonly used now than for- 
merly. In this method a loopful of the bactenal suspension u mixed with a loopful of each 
of several serum dilutions, and hanging-drop preparations are set up. Control preparations 
in salt jolutien or in I . 10 normal serum are essential These are placed in the thermo- 
stat for one hour, and examined under the high power of the microscope for clumping 
and loss of motility This method is applied also to the rapid identification of colonies on 
culture plates 

agglutination TEST fou Metis msease Living, four- to six-day-old cultures of Lepto- 
tpirn tcterofnsemorrhagiae and Leptospira camcola grow n in Vcrwoort Schuffner medium 
arc used Using sterile tubes, ihe serum of the patient is diluted with Verwoort Schuffner 
buffer solution m the following manner 


Tube 

Buffer 

Serum* 

Dilution 

•Transfer 0 1 ml. of the 
and from no 3tona 4 


1 2 
1.2 ml. 09 mE 

0.3 ml 

I ' 5 I s SO 

buffer mixture from tube no 


3 4 

09 ml 09 ml 

J : 500 1 . 5000 

no 2 to no. 3, 


1 to no 2. from 
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Row J 
.15 ml. 1 ; 5 
.15 ml. antigen 
(1 : 10) 

.15 ml. 1 ; 50 
.15 ml. antigen 
(1 : 100 ) 

,15 ml. 1 : 500 
.15 ml. antigen 
<1 : 1000 ) 

15 m!. ! : 5000 
15 ml antigen 
(1 : 10 , 000 ) 


L tclerohaemorrhagtae 


Row 2 
.05 nil. 1 ; 5 
.10 ml. buffer 
.15 ml. antigen 
0:30) 
.05 ml. I ; 50 
JO ml. buffer 
.15 ml. antigen 
(1 : 300) 
.05 ml. 1 : 500 
.10 ml buffer 
.15 ml. antigen 
(1 . 3000) 
.OS ml. I : 5000 
.10 ml. buffer 
•15 ml. antigen 
(1 : 30,000) 


Row 3 


15 ml. buffer 
15 ml. antigen 
{control) 


L. canlcoh 

Row 4 R ou , 3 g om $ 

The same procedure as that used for L 
icterohaem onhaghc except for the used 
an L. canicola antigen. 


The porcelain plates are covered to prevent drying and incubated for three to foot 
hours at 32 C. or six hours at room temperature. Each dilution is then examined by 
darkficld for agglutination or lysts. Agglutination often occurs in the lower dilutions 
and lysis in the higher dilutions. Both of these reactions arc specific. No reaction in the 
1 : 10 dilution with positive results in higher dilutions may be observed. The matenal lot 
darkficld examination is placed on a glass slide without a covershp; the low-power 
objective and a compensating ocular are used. 

agglutinin absorption tests. If a sufficient quantity of bacteria is added to an aggluti- 
nating serum, the agglutinins for that particular organism are bound to the bacteria and 
can be removed by separating them from the scrum. The exact proportion of bactcru 
required varies somewhat with the titer of the serum and other factors. The following 
method is usually adequate to effect complete absorption: A suspension of living fa 
killed) bacteria is centrifuged at high speed until the organisms are well packed. To 
1 ml of a I . 10 dilution of the serum 0 1 ml. of the packed bacteria is added. This is 
shaken well and incubated in a water bath at 37° C, for two or three hours. The serum 
is freed from bacteria by centrifugation. (The amount of salt solution introduced with 
the packed bacteria is too small to alter appreciably the dilution of the serum.) In making 
macroscopic agglutinations with this scrum a control test should be set up with the species 
used to absorb it to make sure that absorption is complete. 

Tests for isoagglutimns and lsohemojysins in human blood are described in Chapter 1J 
Precipitins. Precipitins can be demonstrated in the sera of animals immunized with 
bacteria, bacterial filtrates, or other antigenic substances, and arc closely allied to agglu- 
tinins. When such sera are mixed with a dear filtrate of the homologous antigen, \isibk 
precipitates are formed. This action is due to the coating of minute particles of the 
antigen with the globulin with which the antibody is associated, and subsequent aggre- 
gation and flocculation of the combination. The reaction is specific for the protein use 
in the immunization Group precipitins, analogous to group agglutinins, occur for close y 
related species of bacteria Normal sera seem never to contain precipitins 
Clinically the precipitin test is less often used than the agglutination test. Precipitin tr- 
actions may sometimes be obtained in the spinal fluid in cases of Hemophilus influenzae 
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meningitis when the organisms cannot be obtained in cultures. In pneumonia due to one 
of the fixed types the specific soluble substance (carbohydrate) may be demonstrated in 
the urine and in the sputum by the precipitin test with the homologous immune serum. 
The details of these tests are described in the sections on these bacteria. 

The technic of bacterial precipitin tests is similar to that of macroscopic agglutinations, 
but relatively low dilutions of the immune serum must be used — undiluted, 1:2, 1*4, 
1:8 To 1 ml. of these dilutions an equal volume of clear bacterial filtrate is added 
Control tests should be made with normal serum. The test is more sensitive if the filtrate 
is layered on the serum. 

Grouping of Streptococci (Precipitin Test). Antisera for groups A, B, and C will be 
sufficient for the vast majority of strains of streptococci thought to be human pathogens 
The remainder of the groups can be added if necessary. Pure cultures are grown in 
35-ml amounts of infusion or extract broth until a good density is obtained, usually 24 
to 48 hours The broth is then centrifuged and the supernatant fluid discarded To the 
remaining organisms 0 4 ml of N/5 hydrochloric acid is added and check is made for 
acid reaction on a spot plate, using thymol blue as an indicator If a definite acid reaction 
is not obtained, a drop of a normal solution of hydrochloric acid is added. The tube 
is placed in a water bath of boiling water for 15 minutes, shaken at the end of each five 
minutes, and cooled under running water at the end of the 15-minute period Using 
phenol red m a spot plate, enough N/5 sodium hydroxide is added to bring the reaction 
to 7.6 The tube is then centrifuged, the resulting supernatant fluid is to be used for 
testing. 

A small conical tube is prepared by slightly drawing 7-mm glass tubing in a flame. 
The drawn tubing is cut in the center to make two tubes The narrow end of each tube 
is sealed into a knob to prevent the tube from slipping through the rack. The 7-mm 
diameter is retained at the open end to facilitate pipetting, and the lower end has a bore 
of about 3 mm., holding 0 1 ml. in a column 8 to 10 mm high. Good results have been 
obtained by putting 005 ml. of the extract into the tube first, and then 005 ml. of 
scrum Since the serum is heavier, it sinks below the saline extract and forms a layer 
with about the right amount of mixing With the usual technic employed in ring rests 
of placing the scrum m the tube first, too narrow a ring is formed due to insufficient 
mixing in a tube of such small caliber. If, owing to an air bubble, the fluid fail* to 
lodge at the bottom of the tube, no attempt is made to shake it down The result can 
easily be read at any level, and shaking is apt to interfere with the formation of a good' 
plane of junction. Positive reactions are usually obvious at once, and can be safely re- 
corded after one-half hour at room temperature. In order to save serum exceptionally 
potent antisera may be diluted, but not beyond the point where an immediate heavy 
ring reaction is obtained with extracts of the homologous group. 

Medicolegal Test for Blood (Uhlenhuth) The anti-human serum is titrated in the 
following way In each of four small test tubes place 0 1 ml. of concentrated serum 
Over this, layer 09 ml. of the serum to be tested for, in dilutions of 1 : 100, 1 : 1000, 

1 : 10,000, and 1 : 20,000. If the serum is adequate in strength, a definite white ring will 
appear at once Ml tube 1, after one minute in tube 2, after four minutes in tube 3, after 
about six minutes in tube 4. The serum must give negative reactions (throughout a 
period of observation of 20 minutes) with salt solution, and with 1 : 1000 dilutions of 
serum from other unrelated animals. 

The dried blood to be examined is scraped off, or if on a fabric the spot is cut up, 
and the material extracted in salt solution for several hours. A portion of the unstained 
fabric is treated similarly as a control The extracts are filtered until clear, and a portion 
is diluted until it corresponds in protein content roughly to a 1 . 1000 dilution of blood 
(about 001 per cent protein). This can be estimated by shaking the tube vigorously and 
noting the amount of froth A 1 : 1000 dilution shows a moderate amount of froth which 
persists from three to five minutes A 1 : 10,000 dilution does not froth If sufficient 
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material is available, ihe tests for estimating the quantity of albumin in the urine msy be 
employed to check the dilution. 

Over 0.1 ml. of the appropriate immune serum layer 0 9 ml. of the suspected extract 
properly diluted. If positive a ring will appear in one to two m mutes. -As controls 
the unstained fabric extract is tested similarly with the same immune scrum, and the 
extract of the unknown blood with normal rabbit serum, and preferably with two or 
three antisera prepared with blood of other unrelated species of animals If these controls 
show no ring after 20 minutes a positive reaction is dependable. An anti-human serum 
will also react with the blood of most monkeys, but not of any other animals. 

The test is for protein and not for blood as such. (See p 812 for tests for hemoglobin 
and its derivatives.) 

Opsonins. Phagocytosis is one of the most important defensive mechanisms of the body 
against the invasion of bacteria. There are two kinds of phagocytes in the body^the 
microphages or polymorphonuclear leukocytes; and the macrophages which include the 
monocytes of the blood and the fixed tissue (reticuloendothelial) cells In ordinary 
bacterial infections the former phy the predominant cole. The latter are chiefly con- 
cerned in the phagocytosis of animat celts and protozoa. Although other observers had 
previously noted the presence of substances jn immune sera which stimulated phagocytosis, 
Wright and Douglas in 1903 first demonstrated that these substances, which they desig- 
nated opsonins, acted directly upon the homologous bacteria, rendering them susceptible 
to phagocytosis . These opsonins unite with the bacteria just as do other antibodies, and 
are not removed by washing the bacteria. The opsonins in immune sera x o/cteriofrop»ns 
of Neufeld) are specific lor the specks used in immunization, and may be absorbed irom 
the serum. Opsonins, active on some of the Jess virulent type*, of bacteria, occur to some 
extent in normal serum, but their activity is slight compared with that of the immune 
opsonins. They may be increased in the scrum of convalescent patients, The presence cl 
complement is apparently not essential for phagocytosis but it accelerates the reaction 
greatly. Dissociated forms are more easily phagocyted t|nan are smooth types of the same 


organism. 

Many attempts have been made to estimate quantitatively the opsonic activity of human 
serum, both as a means of diagnosis and as ar f 3 id in controlling treatment, but no 
method has proved to be of practical value cl* Areally. The procedure has been reined 
t recently, however, for the diagnosis of bruceJJr j )Sls> > 

* Opsonocytophagic Itroex. This test at the prf cscnt time is limited in scope to the study 
of brucellosis. £ 

To a vial containing exactly 02 ml. of fog p er cen t sodium citrate 5 ml. biood «■« 
added This blood must be used within sir^ h oUfS following collection and should be 
kept cool during this period. A dense slJ5 P Cf /^,‘ on c f 3 24-hour growth of smooth brucc ** 
culture is then made in saline. It docs notV mattcf which of the brucella types is usee 
long as the strain is smooth. Jt is import. ^ tQ em pl 0 y a dense suspension, compara 
to what would be the sixteenth tube in the \f c p ar u n d scale. . 

In a small serologic tube, place 01 mlF Q j thc blood, which should be thoroug 7 
agitated before the sample is withdrawn, g j m i # 0 f the bacterial suspension t. 
thoroughly and place; in a 37” C. water bait for 3Q mi - nute s The contents of the tube 
not agitated during ipeubation but at the 

and drops are withdrawn to clean slides. are prepared on the slides by dragging 
blood along on the edge of another slide, i xactfy as ts done in making blood «nj»» . 
films are dried rapidly and stained for twcT “ utes ,* n tofuidme blue, made by «' 


blood along on the edge of another slide, i , xac(fy 3S ts done in making blood sm&rs 
films are dried rapidly and stained for twe mmutes ,’ n tofuidme blue, made by 
0.5 Gm. of the stain in 10 ml ethyl alcoh* >t and a ddmg 3 m l. phenol and tnottf ' 
to make 100 mV The slides are rinsed in watcr an j cxam ined with the oil itn 

ir cells are examined for the degree ofp^S°- 


Twenty-five con^cutwe polymorphonucle 
cytosis and a record ts made as follows; 
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No phagocytized organisms 
I to 20 bacteria in celt 
21 to 40 bacteria in cell 
Over 40 bacteria in cell 


Negative 

Slight 

Moderate 

Marked 


In rendering a report, the 25 cells are listed only according to the amount of phago- 
cytosis, such as 10 cells slight, 10 cells moderate, 5 cells marked 


Bacterial Complement Fixation. Immune sera contain antibodies which, in the 
presence of the corresponding antigen, combine with complement and, in appro- 
priate quantities, remove it from the mixture. The presence or absence of comple- 
ment in the mixture is then determined by the addition of a hemolytic system 
(red blood cell suspension, sensitized with its specific antiserum, which has been 
inactivated to remove complement). Such a test is performed exactly as is the 
Wassermann test, with bacterial preparations as the antigen. 


This test has been used chiefly in the diagnosis of gonorrhea, glanders, and brucellosis 
and is valuable in rickettsial infections It is of some value in tuberculosts, but the reac- 
tion is usually negative in early cases A positive reaction may be obtained in a number 
of other infecUous diseases including those due to filtrable viruses, but for practical pur- 
poses cultures or other immunity reacuons are usually less complicated and time-consum- 
ing. The test is also useful in the diagnosis of some of the animal parasitic diseases, es- 
pecially echinococcus infection, and infections by various trematodes and trypanosomes 

In performing the test, titrations of the antigen must be carried out as in the Wasser- 
mann reaction to determine: (1) hemolytic activity (if it is hemolytic in a dilution of 
more than 1 : 5, discard) , (2) binding power, or ability to fix complement in the presence 
of its antiserum; (3) anticomplementary acuon, or ability to inhibit the action of com- 
plement in the absence of serum For the actual test one should use not more than one- 
half of the maximum quantity which just fails to be anticomplementary. 

Various methods for preparing the antigen have been advocated 

1. The growth on agar, or special media, is emulsified in salt solution, as in the prepara- 
tion of vaccines The suspension is heated at 60“ C for an hour, and then standardized 
by counting or by the use of the nephclometer tubes. For the gonococcus test 4 billion 
per ml. makes a satisfactory antigen. This may be preserved by the addition of 025 per 
cent tnkresol or 05 per cent phenol It is important to prepare the gonococcus antigen 
from a mixture of a number of strains For glanders one may use a 72-hour culture in 
glycerin broth, sterilized at 60* C. for two hours. 

2. Besredka and Gay prepared their antigen by precipitating the saline bacterial suspen- 
sion with an equal amount of absolute alcohol After centrifugation, the supernatant fluid 
is pipetted off, and the sediment dried in vacuo over sulfuric acid. The dried sediment 
is made into a 2 per cent suspension with isotonic salt solution For use this stock solution 
is diluted There are also methods in which the bacterial sediment is frozen with carbon 
dioxide snow, and then triturated with crystals of sodium chloride so as to make an 
isotonic saline emulsion 

3 An agar growth is washed off with 50 per cent alcohol and the suspension centri- 
fuged The supernatant alcohol is pipetted off. Fifty per cent alcohol is added , the mixture 
is allowed to stand for 30 minutes at 37* C and then centrifuged The supernatant 
alcohol is removed. Ether is added and, after shaking, the suspension is allowed to stand 
one hour at room temperature If the ether is yellow, fresh ether is again used for wash- 
ing Then the suspension is allowed to stand until the sediment is perfectly dry For 
use, 1 Gm of the powder is suspended in 200 ml of physiological salt solution 
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Protection Tests. The protective power of a scrum depends upon those proper- 
tics which can be demonstrated in vitro, and probably also upon other factors 
which cannot be determined at present. For this reason the most accurate mms 
of ascertaining the therapeutic value of an immune serum is by testing its ability 
to protect animals from infection. Meningococcus, pneumococcus, and dysentery 
sera are standardized by protection tests. 


Hypersensitiveness 

Hypcrsensttivencss is defined by Zinsser as “an increased specific reaction ca- 
pacity in an individual, man or animat, to a substance which, in a normal individual 
of the same species, produces little or no reaction." 

The mechanism of the various manifestations of hypersensitiveness is not thoroughly 
understood, and in consequence the terminology applied to the different phenomena has 
become confused. Coca and others make a sharp distinction between, on the one hand, 
“anaphylaxis,” in which an antigen-antibody mechanism is demonstrable, and on the 
other hand, the group of reactions commonly termed ‘‘allergies’* or ‘‘idiosyncrasies," in 
which this mechanism is not so clearly apparent. In this latter group are included tk 
manifestations o( hypcrsensttivencss to pollens, certain drugs, bacteria, foods, etc. Wellt, 
on the contrary, believes that sufficient relationship exists between these phenomena to 
permit grouping all manifestations of altered reactivity together under the term “allergy’’ 
Zinsser likewise believes that the distinction between anaphylactic phenomena ana 
allergies is artificial, and is convinced that all forms of hypersemithencss are fanth 
mentally identical. 


For convenience in discussion, however, these manifestations may be grouped 
into (1) anaphylaxis in animals and in man,* and (2) hypersensiiiveness (allergj> 
atopy) to pollen and other inhaled proteins, foods, drugs, and bacteria- 

Theobald Smith, studying the effects of diphtheria antitoxin in guinea ^ 
Arthur by injecting rabbits with horse scrum, observed that the animals "west 
susceptible to a second injection of small amounts of the serum alter an meu aW 
period of a week or more. Various authors, notably Rosenau and Anderson, erten 
these observations and found that the reaction could be produced by the reinjection 
a great variety of proteins, and that U is specific for the particular protein used. 


Anaphylactic Shock. If a guinea pig is injected parenterally with c\cn « 
minute amounts of horse serum (00001 ml. or even less), after an intern o ^ 
days a condition of anaphylactic shock may be brought about by the inject oti ^ 
somewhat larger amounts (0.01 to 03 ml. intravenously or intracerebral y» or ^ 
5 ml, subcutaneously). It is assumed that the primary injection, at the en o ^ 
requisite interval, has sensitized the body cells to the particular alien P I0t ^" } 
troduced, since the administration of large amounts of serum does not 3 
guinea pig on primary injection. In guinea pigs symptoms are pro uce ' ^ 

few minutes of the second injection. Restlessness, scratching of t c no > ^ 
sometimes sneezing, appear first. Soon signs of great respiratory ertl * r 
occur, which are due to spasm of the bronchial musculature, 3n at au 
is a characteristic inflation of the lungs. Convulsions may occur an 
may die within a few minutes. If the shock is not immediately 
temperature may drop abruptly 5° or even J0° F. It has been sfio 
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the shock the complement in the blood is diminished, and it is believed that this 
plays a part in the reaction. The coagulability of the blood is diminished, probably 
by liberation of heparin. It is believed that the symptoms are due to liberation of 
histamin or a similar (H) substance from the tissue cells. 

The phenomena differ in different species of animals, but they are always the same in 
any one species regardless of the nature of the antigen. In rabbits there are circulatory 
disturbances with a fall in blood pressure, spasm of the arterioles in the lungs, and marked 
distention of the right side of the heart In the dog there is engorgement of the hepatic 
and splanchnic circulation with an extreme drop in blood pressure 

Desensitization. If an animal is reinjected during the incubation period, before 
sensitiveness has developed, no reaction will take place, and the animal is desensi- 
tized temporarily to the- subsequent injection. Similarly, if an animal recovers from 
an anaphylactic shock it is for a time desensitized. By repeated injection of the 
antigen in increasing amounts, beginning with a dose too small to induce symptoms, 
an animal may be desensitized also, and rendered insusceptible to amounts which 
would otherwise produce a fatal anaphylactic shock. 

Passive Sensitization. When serum from a sensitized animal is injected into a 
normal animal, even in quantities as small as 0.5 ml , the latter is also rendered 
sensitive, but only after the lapse of a certain period of time, usujlly four hours. It 
is assumed that this period is necessary for fixation of the antibody to the cells. 
This passive sensitization lasts only about two weeks. The offspring of an animal 
sensitized before or during pregnancy is passively sensitized through the placental 
circulation. 

In this type of passu ely induced hypersensitiveness to foreign serum there is obviously 
< some substance present in the serum which is capable of altering the cells of a normal 

' animal so that they become sensitive In other types of hypersensitiveness in human 

( beings, such as hay fever or food allergy, it is not generally possible to demonstrate by 

' transfer to animals a sensitizing substance in the serum. Ir is, however, possible to produce 

a passive local hyper sensitive ness iq other human beings by intradermal injection, and it 
has been suggested that the inability to sensitize animals passively with human serum is 
due to species differences m the tissue proteins 
The substances present in the scrum of sensitized animals which bring about passive 
* sensitization are often termed “anaphylactic antibodies " The nature of these antibodies 
' is not entirely clear, but there is reason to believe that they may be identical with ordinary 
antibodies. Precipitins can be demonstrated in the blood of animals sensitized with 
horse scrum, and also in the blood of human beings suffering from scrum sickness after 
a therapeutic injection of horse serum 

KifpcsstNsirtvEftzss to Homologous Proteins Although as a rule animals cannot be 
1 sensitized to proteins derived from the same species, in certain special instances this is 
{ possible. In most cases the tissues with which tins has been accomplished are derived 
t from the ectoderm. Thus a guinea pig can be successively sensitized and later fatally in- 
' toxicated with extracts of the lens from its own eyes. 

Hjperscnsitivenesj can also be produced to tissues of the central nervous system. 

J River* and Schwcmker (1935) produced extensive disseminated demyelmatmg lesions in 
the brains of monkeys by a protracted senes (46 lo 85) of injections of normal rabbit 
f brain. Subsequent investigations showed that such procedures stimulated the j>roduction 
, *'f antibodies and the development of hypersenstuvcncss which were specific for the tissue 
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but not /or the species of animal from which the tissue was obtained. More recently Mor 
gan and independently Kabat et al. (1946, 1947), by utilizing an adjuvant of the Freund 
type, readily produced an extensive disseminated encephalomyelitis in monkeys by a fro 
injections of homologous brain tissue. These lesions closely resembled in character and 
distribution those found in multiple sclerosis and acute disseminated encephalomyelitis 
m man. It has been suggested that the lesions in these diseases may be due to a local a)- 
Iergic reaction following autosensitization, an “allergic encephalitis.” 

It has also been suggested that the encephalitis that occasionally follows the inoculation 
of rabies vaccine may be due to sensitization to brain tissue present in the vaccine. 

Tissue Hypersensitiveness. Because a period of incubation is required to bring about 
passive as well as active sensitization and because animals remain acthefy sensidie after 
thetr serum has lost the power to convey sensitiveness passively to other animals, it 15 
generally accepted that the phenomena causing the anaphylactic reaction occur witb’w 
or upon the tissue cells and not primarily in the blood stream. The symptoms of shock 
are believed to result from the interaction within the cells of the foreign protein and 
the specific antibodies which are, in part at least, precipitins. The phenomena of hyper- 
sensitiveness and anaphylactic shock are, therefore, primarily cellular rather than humoral- 
Relation of Hypersensitiveness to Immunity. It is customary to include under "w 
munity" those forms of altered reactivity of the tissues which are obviously beneficial 
to the animal, and to class under “hypersensitiveness" or "anaphylaxis” those which art 
immediately harmful. The fundamental processes which give rise to these reactions 
however, are similar in many ways. Both depend upon the increased capacity of the 
body cells to fix and disintegrate foreign protein which has gained access to the tissues- 
Many investigators have believed that whether this is beneficial or harmful depends « 
large part upon the nature and quantity of the foreign protein present, if the latter W 
in the form of a pathogenic microorganism — relatively minute in quantity but capable 
of indefinite multiplication — its immediate destruction and disintegration n ItfMttWfc 
and the animal is “immune " If it be a relatively large quantity of foreign serum, eg, 
which cannot increase in quantity m the body, its accelerated disintegration affonk ^ 
distinct advantage to the animal, but this may abruptly liberate such a large 
of toxic disintegration products that the animal is acureJy poisoned; it is 
or “anaphylactic.” The latter occurs practically only under artificial or experimental con 
ditions, but the penetration of microorganisms into the tissues is a very frequent occu 
rence. Under natural conditions, therefore, this increased reactivity of the tissues n« 


be expected usually to be beneficial to the animal. 

The view that hypersensitiveness is a necessary or useful manifestation of the 1^“ uf 
reaction, however, has been questioned seriously, particularly by Rich. He ha$ 
thar although as a rule an animal which is immune is also hypersensitive to t e otp ^ 
in question, this is not necessarily the calc. Immunity without hypenensiunty 
obtained jn some instances by administering the injections intravenously of Y 
out desensitization procedures during or after completion of the immunization. 
may gradually lose their hypersensitivity but retain their immuniU 1 urtherniore ^ 
may be effectively immunized passively without becoming hypersensitive, l 


may be effectively immunized passiveJy without Decoming jiypcrs>-«*»*»— - ' ^jdie* 
parallelism between the degree of hypersensitiveness and the titer of protectn ral ),cr 
and has advanced evidence to show that the hypersensitive rea^'on^acce ^sts 

than restricts dissemination of bacteria in the tissues. He conclu _« J ^ 

the severe local injury to the tissues and violent systemic wsJM J* J wrsciui- 
hypersensitiveness are undesirable and harmful, and that U P e ? , , ’ M y 0 ji of 
tive inflammation has not been shown to be necessary ‘ or \ c whatsoe'tf" 

acquired immunity at any stage of any infection under any arc s ^ 

Hyper sen s i ti ven ess in Man. Human beings are much less susceptib * 
anaphylactic shock than are guinea pigs and most of the lower amma s, 
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fore, there is relatively little danger m the administration of a second injection of 
therapeutic serum even after the period of anaphylactic incubation Most serious 
reactions have occurred following the primary injection particularly in asthmatics 
and in those who arc sensitive to horse emanations In these individuals deaths have 
occurred within a few minutes after a single injection of serum vviih symptoms of 
respiratory embarrassment and cyanosis Boughton has reported the death of a 
man who was given I minim of horse scrum intravenously to desensitize him for 
“horse asthma/' However, Park has estimated that alarming symptoms occur in 
only I in 20,000 individuals and fatal reactions only in 1 m 50,000. 


Before any therapeutic serum is administered, therefore, it is important to determine 
whether or not an individual is sensitive to horse serum, both when there is a history 
of previous serum administration and particularly if the person has had asthma or any 
form of protein hypersensitiveness. The existence of hypersensitiveness may be detected 
by means of the miradermal or ophthalmic test 
Ophthalmic Test A drop of horse scrum diluted 1 10 is instilled into the conjunctival 
sac. If the individual is sensitive, an inflammatory reaction occurs within 15 to 30 minutes 
If severe it may be controlled by the instillation of 1 1000 adrenalin solution This test 
is Jess sensitive than the cutaneous tests, and if positive great care must be used m ad- 
ministering serum. 

Intsucutaneous Test The serum is diluted 1 .10 with salt solution, and 0 1 ml is 
injected intradermally If sensitiveness exists an urticaria 1 wheal will develop within 10 or 
15 minutes, the extent of which gives a rough indication of the degree of sensitiveness 
This « a sensitive test, and many individuals give a slightly positive reaction who do not 
develop any systemic reaction following the scrum administration If the reaction is 
negative, it is generally safe to proceed with the treatment 
Desensitization Even in persons going no reaction to the mtracutaneous test it is 
desirable to give a preliminary subcutaneous injection of about 1 ml one-half hour before 
starting intravenous administration of serum in individuals giving a marked reaction to 
the mtracutaneous test or any reaction to the ophthalmic test, preliminary desensitization 
should be earned out before Riving the major part of the dose. This is done by begin- 
ning with a small subcutaneous dose of 0 I ml diluted with salt solution, and doubling 
the amount every half hour until 1 5 ml have been given If no reactions have occurred 
it IS usually safe to gi'C the balance of the dove intramuscularly If intravenous therapy 
is to be used, one may then give 0 1 ml diluted with 2 ml of salt solution slowly into a 
vein, repeating with doubled doses every 20 minutes until the full amount is given The 
rate of increase in the doses must depend upon the individual case 
It if essential to have at tillable a 1 1000 solution of adrenalin to control any untoward 
reactions such as itching, tingling, urticaria, difficulty m breathing, cyanosis, circulatory 
symptoms, or lumbar pain If such occur, I ml should be given immediately and repeated 
as often as necessary U should be rcnteitiftercd that its action is transitory, and ana- 
phylactic symptoms may recur after the immediate effects have worn off fn severe re- 
actions »t may be necessary to repeat the time every 10 to 20 minutes for several hours 
Hurst (1014) injects ? minims at ihc start and 1 minim every one half to one minute until 
the reaction » over (the "continuous method”) In one of his eases this was kept up for 
one and one half hours, am! he believes thit by this method death could be prevented ;n 
all casev of anaphylactic shock If the serum Isas been injected into the tissues of the 
arm or leg, a tourniquet should fie applied proximal to the site of injection, ami after the 
acute sympiomv have subsided it should be loosened cautiously, for brief intervals only, 
until the reaction is over 

fn an anaphylactic reaction the manifestations may be generalized, or the symptoms and 



BACTERIOLOGY 

pathologic lesions may be limited largely to one tissue or organ which has tern traitd 
the ihack organ. This may be, (or example, the respiratory mucous membrane u i 
bronchial musculature (hay fever, asthma), the skin (urticaria), the pstrointesttnal met, 
or the walls of the arterioles (rheumatic fever, periarteritis nodosa, if the allergic main 
of these lesions ts conceded ). 

Serum Sickness. In some individuals a therapeutic injection of foreign term i s 
followed after from 8 to 12 days (delayed reaction) by a characteristic group cf 
symptoms. There is usually an erythematous rash or urticaria starting first at the 
sue af tnoculation, and later becoming generalized. Fever , joint pains, and gen- 
eralized glandular enlargement are common. These symptoms occur in about 10 
per cent of the eases when less than 10 ml. arc given, and in about 90 per cent 
when more than 50 ml. are used. They are less frequent when concentrated sen 
are injected. A subsequent injection of the same protein if given within A lev 
weeks causes the same symptoms , usually within 24 hours (immediate reaction). 
If several years have elapsed between injections, symptoms appear after three to 
seven days (accelerated reaction). 


Von Pirquet and Schick have ascribed these symptoms to a reaction between the bent 
scrum which is suit present m the circulation of the patient and the homologous anti- 
bodies wfuch are being actively formed in the tissues. Precipitin} for horse serum haw 
been demonstrated in the blood of patients with serum sickness, and condition} uc 
analogous to introducing new serum into a sensitized individual. Doth antigen and anti 
body arc present m the blood at the same time. Zinsser regards scrum sickness as "w* 
characteristic manifestation of true protein anaphylaxis in man,” 


Hvpersensitiveness to Substances Other than Serum. Hypersensitivcnesj oc- 
curs to other substances such as pollen, animal emanations, and other inhaled pro- 
tein materia], foods, drugs, and bacteria. 


Coca and others believe that this form of hypersensitiveness is inherited m 
naturally, in human beings only, and nor as the result of artificial setumwuon. 4 
and others, on the other hand, believe that the hypersensitiveness results been cw> 
with the antigen through the respiratory and alimentary tracts and perhaps . 1 , 
skin. They point our tbar although hypersensitiveness tends to occur in certain 
it is not to the same protein as a rule, and conclude that it is the capacity tor « 
sensitized that is inherited. 


Passive Traotfeb. This type of sensitiveness cannot be transferred P""”* * 
animals except in isolated instances. In 1921, however, Prausmtz an ^ 

found that by injecting the serum of a sensitive individual intrademwuy 
normal person a "local hypersensitiveness” could be produced. If, ttr ^ ; 0C2 f 
hours, the homologous antigen was injected into the same area, a 4 k jj $ 
reaction developed. Injections into other areas produced no xeac«ott~o eft . 
in the neighborhood of the primary injection were sens " ,2 f * $S 1 J rum of 
dto te several weeks. US*tr has demonstrated tlut \ B ) 

certain food idiosyncratic* was injected intraderma y into n rm ^ jCJC . 

these subjects were fed the food to which the i uisyncratics we 
tions appeared ,n these injected atcas. In the serum of the sensitive 
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therefore, are substances analogous to, if not identical with, antibodies to which 
Coca has given the name “reagins.” 

Hay Fever Hay fever is due to an allergic sensitiveness to pollens of certain 
plants. The flowering period of these plants determines the seasonal prevalence of 
the disease. Only those plants whose pollen is air-borne are of clinical importance. 

Most of the cases occurring in the late spring and early summer, both in this country 
and abroad, are caused by pollens from the different grasses. Plantain is also frequently 
concerned at this season. Cases occurring in the early spnng are due to the pollens of 
various trees, In this country’ the type occurring in the late summer and early fall is due 
most commonly to the ragweeds. In the western states sage brush sensitiveness is common 
at this season Other pollens may be responsible for individual cases, and one patient may 
be susceptible to several different pollens. Hypersensitiveness may be detected by means 
of skin tests with extracts made from different pollens, and desensitization by the in- 
jection of increasing doses of the reacting extract is often successful in relieving symptoms. 
Sensitiveness usually returns, however, after the treatment is stopped. 

Extracts of the various pollens for testing and for treatment may be purchased, or they 
may be prepared by extracting the pollens in many different ways. A solution containing 
two parts of glycerin and one part of saturated salt solution, or Coca’s solution (NaCI 50 
Gm , NaHCOa 2 8 Gm , phenol 4 0 Gm., water 1000 ml ), may be used. Five Gm. of the 
pollen are washed with ether and extracted with 100 ml. of this solution, and allowed 
to stand four days, shaking frequently. The solution is then passed through a Berkefeld 
filter The extract is standardized by determining it# nitrogen content. The FolmAVu 
method for blood nitrogen determination may be used, taking a quantity of extract 
containing about 0.15 mg of nitrogen. This solution should contain about 0.5 mg of nitro- 
gen per ml , or 50,000 of Noon's units (One unit is the amount of extract derived from 
one millionth of a gram of pollen, and it contains in the case of timothy pollen 0 00001 
mg of nitrogen.) Extracts of other species of pollens may contain different amounts of 
nitrogen, but as their allergenic activity varies directly with their nitrogen content it is 
customary to standardize them on this basis. 

Dilutions of the stock solution from 1 : 10 to I : 10,000 are used for testing and for 
treatment. To test, an intracutaneous injection of 0025 ml. is given, usually of the 1 :5000 
dilution first, and if reaction is negative, with 1 : 1000 In some cases 1 : 100 may be 
necessary to bring out the reaction A positive reaction is indicated by the appearance, 
in from 5 to 30 minutes, of an urticarial wheal surrounded by an area of erythema, and in 
the more marked reactions by “pseudopods.” Tests may also be made by applying 
stronger solutions to a scratch In a few individuals who are undoubtedly hypersensitive, 
negative skin reactions are obtained In such cases the sensitiveness may be detected by 
the P.-K. method of passive transfer, using a normal subject who gives negative skin 
reactions. Even this method occasionally fails to prove the point and the clinical history 
will h3ve to be the guide as to whether specific treatment should be given. 

treatment. In the average case treatment is started with 0.1 ml. of the 1 : 10,000 dilu- 
tion (or 1 : 1000 dilution, if the intracutaneous test to this concentration is slight), and the 
dose is increased gradually to 09 ml. giving six graded doses of the 1 : 10,000 and ] . 1000 
dilutions, eight doses from the 1 : 100 dilution, and nine from the I : 10 dilution. Treat- 
ment is started 8 to 10 weeks before the beginning of the season, and injections arc given 
three times a week. If Jess time is available before the season starts, the dose# arc given 
more frequently Then injections of 0.9 ml. of the I ; 10 dilution are continued at five- 
day intervals throughout the season. Some workers advise attaining a maximum dose much 
higher than this. Many commercial treatment sets, which include only about half tht* 
number of injection# and often are not continued throughout the season, are entirely 
inadequate in many cases 
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The scheme of dosage must be altered to suit the necds'of the individual patent 
redyeing the dose, and subsequently increasing it more gradually, if genera! teacsios! 
<KCur. The exact dose, however, cannot be gauged by the amount of local reaction to 
the preceding injection. Neither a local nor a constitutional reaction is necessary for 
successful treatment Injections should be subcutaneous and great care taken to prevent 
any of the extract entering a vein 

No injection for testing or for treatment should he given unless adrenalin solution is at 
hand, and the patient should be under observation for at least a half hour in case m 
alarming general reaction should occur. Especial care should be taken at the onset of the 
season, since general reactions are more frequent at this time, and when passing from 
the weaker to the stronger extracts, as from 1 : 100 dilution to 1 : JO dilution, etc The 
symptoms resemble those occurring after the administration of horse serum in sennwt 
individuals, and must be treated in the same way. 

Usually treatment is stopped at the end of the season, but somewhat better results »e 
obtained if 0. 1 to 0.2 ml. of I : 10 dilution is administered at intervals of two to foot 
weeks throughout the year. If treatment is not begun until the season has started, benefit 
can often be obtained by giving daily injections of 0.1 ml to 02 ml of 1 : 1000 dilution, 
making no effort to increase the dose. Gay has found that ordinary air-conditioning 
methods effectively remove pollen from the air. Symptoms are usually relieved within * 
half hour after the affected individual enters an air-conditioned room, but often 
quickly after he or she leaves it. Some patients obtain more prolonged relief. 


Asthma and Other Respiratory Allergies. These may depend upon the inhala- 
tion of other protein substances. Horse dander, the hair of various animals, feathers, 
orris root (in cosmetics), spores of various fungi, and a large variety of other pro- 
tein materials in the air and dust in minute amounts may cause respiratory symp- 
toms. These substances may often be identified by skin tests as described befow. 


It ts often difficult to discover the exciting cause of these conditions since there v 
innumerable proteins with which an individual may come m contact; and in these cas 
hypersensitiveness to an extract of dust from the environment may be demoastratr 
These individuals may also be benefited greatly by dcscmitizauon with the sf*® 
protein, if it can be identified, or with dust extracts. These may be prepared by S3 u 
mg a cupful of dust with Coca’s solution, and filtering after a two-day extraction 
solution is then sterilized by passing through a Berkefeld filter, A scratch test is 
with this extract. If the reacuon is posiuvc, one should difute the extract an o ° 
procedure previously outlined for pollen extracts. If rc is negative, as u usua !>* ■ ** ^ 
cutaneous test with 0.025 ml. of a 1 : JO dilution is given, and if this is nega * 
0.025 ml. of undiluted extract Treatment is started with 0 I ml. of ^ 


causes a mild local reaction, giving injections twice weekly, ammal 


dose to 03 ml of undiluted extract Patients who are highly sensitive tu *•- „ ^ 

dander which may be present in the dust may give violent reactions to * 3n! J 
extract In many cases long-standing asthma is complicated by tvetena 
associated with hypersensitiveness to the bacterial protein- 


Food Idiosyncrasies. These may be manifested in many different ways* ur * 


ES. i nese may oc hmhumimi *** «*~v • * te$ . 

eruptions or eczema (particularly in children), angioneurotic e ema, ga ^ 
tinal disturbances which may be violent, asthma, convulsions m c i re » j 


tinai disturbances wjucn may uc vwi«», nredistw** 

cording to some observers, attacks of migraine or epileptic seizures in ^ 


individuals. The possibility of semination by absorption of £ot ' ,fin f “j'.'fc « 


the gastrointestinal tract has been demonstrated experimentally in a " lr , pjy 
tam individuals, particularly small children, .he degree of hypersensmveae 
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be extreme. A small fraction of a drop of milk may precipitate a violent and 
dangerous general reaction. 

In some individuals showing these symptoms a careful history will give a hint as to 
the food concerned. In a certain number of the cases, n may be determined by skm 
tests. These may be earned out by intracutancous injections of extracts prepared in a 
manner similar to that outlined for pollens and dust More often "scratch rests" are 
employed. Material for these tests may be purchased in the form of dried powders or 
glycerin pastes (containing the proteins precipitated from aqueous extracts of the foods) 
Small superficial scratches, which just fail ro draw blood, are made an inch apart on 
the flexor surface of the forearm, or thigh or back. A portion of the paste, or the 
powder moistened with a drop of N/IO sodium hydroxide, is rubbed into the scratch 
A positive reaction is indicated by the appearance of a small wheal, distinctly larger 
than the controls, usually within 5 to 30 minutes The advantages of this method are 
the simplicity of the technic, the relatively greater stability of the extracts, and the rarity 
of general reactions, although these may occur It is the most practicable method for 
the physician doing only occasional tests An outspoken local reaction indicates a high 
degree of sensitiveness, and is usually of clinical significance 

“Ifttracutaneous tests” are about 100 times a* sensitise as the scratch tests, and detect 
slight degrees of sensitiveness which are missed by the scratch method However, mtra 
C utaneovs tests frequently give slight or moderate reactions which are of no clinical 
significance Greater discrimination is needed m their interpretation, and much greater 
caution to avoid general reactions The wheals are much f3rger than those usually obtained 
by the scratch method. 

Among the foods to which hypersensiuveness is most frequently encountered may be 
mentioned cow’s milk, egg, wheat, sea foods, certain fruits (tomato, orange, and 
strawberry), nuts, and the commoner meats Multiple sensitization it eommon, and an 
adequate examination requires a large number of tests The reactivity of the skm varies, 
and repeated tests should be tried with suspected foods if necestary If the skin is hyper- 
reactive and an excessive number of positive reactions arc obtained, no conclusions can 
be drawn. Tests should be made by passive transfer if possible. 

In a considerable number of patients with food allergy, cutaneous reactions arc nega- 
tive Such cases can sometimes be detected hy the Prausmtz-Kustner technic, but often 
only by ihe use of elimination diets 

In many cases of chronic urticaria, angioneurotic edema, or eczema m adults the 
cause « not food allergy Most such cases appear to be associated with nervous tension 
and vasomotor instability, or chrome focal infections 
Txeatmem Treatment; of patients with food idiosyncrasies consists in avoiding the 
food in question if practicable- Elimination from the diet must be complete If difficult 
or impracticable as in the case of wheat or milk, dcsensitizatjon may often be accomplished 
by giving a series of injections of extracts of the food, or more simply, by its ad- 
ministration by mouth. The food is completely eliminated from the diet, and increasing, 
measured doses aee eaten daily, starting with minute amounts which give no symptoms 
It must be taken continuously of sensitiveness may recur 

Contact Dermatitis. This is often due to local allergic reactions to substances 
coming into direct contact with the skin, such as fabrics, dyes, furs, cosmetics, 
leases of plants, drugs, chemicals, synthetic plastics, and dust, in such cases the 
patch tests of Bloch are much more useful than ordinary cutaneous tests, 

A portion of the material « placed in the center of a piece of white blotting paper sc- 
inch square, or if the substance ts liquid a bit of cotton or blotting paper is moistened 
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with it. The cotton is applied to a normal, hairless portion of the skin, covered with j 
piece of waterproof fabric, cellophane, or waxed paper, and fastened in place with 
adhesive tape. The material is applied in the same concentration as that in which it cows 
in contact with the skin naturally. The patch is left in place for 24 hours to 4 days unless 
discomfort occurs. A positive reaction reproduces the lesion with the appearance of 
papules or vesicles, usually within 24 or 48 hours, but occasionally only after four to seven 
days. A normal control must show no reaction. In the case of organic substances this ap- 
pears to be due to a reaction to oils rathe/ than to protein. Jf the offending oil cannot be 
avoided, purified preparations of these allergenic oils arc now available for desensitizaoon. 

Drug Idiosyncrasies. Certain drugs may cause the appearance of allergic mani- 
festations, especially after prolonged administration — quinine, salicylates, ammo- 
pyrinc, morphine, luminal, phcnolphthalein, arsenic preparations, etc. It is not 
clear how these nonprotcin substances can elicit such reactions. 

Zinsser believes that sensitization is due to an antigen formed in the body by the 
union of the chemical substance with body protein This combination of drug and pro- 
tein then sensitizes like a foreign protein. The drug portion of the combination corre 
sponds to a haptenc, and allergic reactions are brought about by its administration, just 
as the inicenon of other haptencs (for instance the carbohydrate of the pneumococcus) 
may cause anaphylactic shock m animals sensitized with the whole antigen. Skin tests 
rarely detect this form of hypersen si tivencs*. 

Bacterial Allergy. An allergic condition, analogous to that observed in hay 
fever, may arise in an individual with a chronic or repeated infections, and a skui 
reaction may be obtained with the homologous bacterial protein. The best known 
example is that of the tuberculin reaction which is discussed in the section on the 
tubercle bacillus. 


The mechanism of this form of allergy and its relationship to immunity are stall 
clear. Hypersensitiveness to bacterial bodies differs in its manifestations from tha* 0 
serum and other proteins in solution, including bacterial proteins. In the latter ( 
phylactic" or "Arthus” type), the reaction, local or general, is immediate, and 
compamed by spasm of smooth muscle. There are antibodies in the serum, an yP^ 
sensitiveness can be transferred passively to normal animals In the cases of jct * 
hypersensitiveness (or the “tuberculin type”) the reaction is delayed for several ' 
is not accompanied by smooth-muscle spasm, the hypersensitiveness cannot e ^ 
ferred passively to normal animals, and no antibodies can be demonstrated in e ^ 
although it seems probable that they are present in the body cells. Cornea P'S* ., 
sensitized with tuberculoprotcm as with other foreign protein so that ijfMeai 
reactions will develop on a second injection, but these animals will not give a 
cutaneous reacuon to the tuberculin test and they show no inununity. On ^ 
hand, if they arc injected with dead or living tubrtcle bacilli, both a m **- eree ol 
anaphylaxis and cutaneous sensitivity can be demonstrated together with some 


immunity , demon- 

In many other infections allergic reactions to the causative organism nave . 
strated. Colon bacillus extracts frequently give a slight reaction in norm3 in i 
Tests may be made by mtracutaneous injections of 0025 ml. of* 0 utions F ^ 
bacterial proteins, or of a vaccine diluted to contain about 100,000,000 or S*™ , sflM i| 
A positive reaction may sometimes be manifested by the prompt appears « e£ j j,y 
urticarial wheal, or as a rule after 12 to 24 hours by an indurated papule *urr ^ 


an erythema 
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The clinical conditions in which the demonstration of allergic reactions to bac- 
teria have thus far proved to be of practical importance are chiefly chronic asthmatic 
bronchitis and chronic infectious arthritis. In the latter, skin tests may be made 
with various strains of hemolytic and nonhemolytic streptococci, and treatment 
with a vaccine prepared from a reacting strain has seemed to some observers to be 
of value. Bacteria isolated from the sputum of asthmatic bronchitis may be tested 
in the same way, and vaccine treatment instituted with the reacting species In 
these cases it may be difficult to determine whether improvement is due to specific 
desensitization or to a nonspecific foreign-protein reaction. 


Respiratory and cutaneous symptoms indistinguishable from those of allergic sensitive- 
ness may be due simply to an unusual vasomotor response to heat and cold. 

In the dermatomycoses, chrome secondary eczematous lesions (epidermatophytids) ap- 
pear which are due to an allergic reaction to the fungus protein. The hypersensmveness 
can be demonstrated by intracutaneous injections or patch tests of “tnchophytin,” an 
extract prepared from the fungus (Trichophyton). Patients infected with other species 
belonging to this family ( Gymnoascaccae ) also react to tnchophytin. In the case of 
monilia infections a specific Momha extract (oidiomycm) must be used. Desensitizing in- 
jections are often beneficial (Sulzberger and Wise, 1932). 

The presence of echinococcus infection may be determined by intracutaneous injec- 
tion of sterile fluid from a cyst Positive reactions occur within a half hour. Intra- 
cutaneous tests have also been employed in the diagnosis of lymphogranuloma inguinale 
and chancroidal infections, and of trichinosis, filartasts, and infections with other ani- 
mal parasites, and of brucellosis These are discussed in Chapters 8 and 24, 

Skin tests related to bacterial infection are based upon two mechanisms- specific 
hypersensitivity to bacterial protein and lack of immunity. In the first category fall such 
tests as the tuberculin and the brucellin In the second group are the Dick test and the 
Schick test Table 18 summarizes pertinent information for the more common cutaneous 
tests. 


Preparation of Vaccines 

Whereas vaccines for prophylaxis are of necessity made from stock cultures, the 
use of autogenous vaccines, made from cultures direct from the patient, are 
preferable for treatment. In this way possible antigenic differences between various 
strains are avoided, and the particular organism obtained is less likely to be dis- 
sociated than a strain which has been artificially cultivated for many generations. 
When mixed cultures arc obtained, however, as in cultures from sputum, it is 
necessary to use judgment in the selection of the species used in preparing a vac- 
cine. Various methods of determining the significance of an organism obtained by 
culture have been suggested. The agglutination of a strain by the patient’s serum, or 
a positive skin reaction on intradertnal injection of the vaccine o/fers presumptive 
evidence that the organism is concerned in the infection. Thus, if 3 particular 
streptococcus isolated from the tonsils in a case of infectious arthritis gives a 
definite reaction on imradcrmal injection whereas other strains of streptococci do 
not, one may conclude that a vaccine from that strain is more likely to be beneficial 
than a stock vaccine. On the other hand, practically every mouth harbors strepto- 
cocci of different kinds which are essentially saprophjtic, and a vaccine made 
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from them might be less desirable than a stock vaccine to which hypersensitiveness 
could be demonstrated. 

The value of vaccine therapy in various conditions is discussed ehewhere. In evaluating 
the results of treatment in general, however, it is probable that desensitizauort and a 
nonspecific foreign-protein reaction play a part as well as specific antibody formation. 

Cultures for vaccines may be made on appropriate solid media. Plain agar is preferable 
for the staphylococcus and the typhoid-colon group Blood or serum agar or other 
special media are necessary for some organisms. Several slants arc inoculated and incu- 
bated the minimum length of time necessary to obtain a good growth. The growth on 
each slant is then emulsified in 2 or 3 ml. of sterile salt solution by means of a platinum 
loop or small cotton swab. Each suspension is poured into a stenle test tube. If any 
fragments of the medium are present they must be removed by a short centrifugation. 
When blood agar is used, the suspension a sometimes so discolored by hemoglobin that 
it is necessary to sediment the bacteria by thorough centrifugation and resuspend them 
in fresh salt solution If the suspension is m clumps, the tube may be sealed and shaken 
vigorously for 10 to 15 minutes, preferably in a shaking machine. If necessary, large 
clumps may be broken up with a sterile glass rod In tome cases relatively little shaking 
is required, whereas streptococcus vaccines may require a great deal of breaking up, and 
may need to be filtered through a little sterile cotton to remove the remaining aggrega- 
tions. 

As a routine procedure, for most organisms cultures are made in basic broth media 
Several tubes are inoculated with the organism or organisms from which the vaccine is to 
be prepared. After 18 to 24 hours of incubation the cultures art centrifuged and the sedi- 
ments are suspended in about 10 ml of the supernatant broth to give a suspension four 
times heavier than that desired If the finished vaccine is tp contain 1 billion organisms per 
ml. the suspension at this point should, for example, contain 4 billion organisms per ml. 
If the finished vaccine is to contain 500 million organisms per ml then the suspension 
should contain 2 billion organisms per ml If the McFarland nephelometcr scale is 
used for the adjustment of the suspension, the tube corresponding io a suspension of 
2 billion organisms per ml may conveniently be used as a standard If a heavier sus- 
pension, hkc one containing 4 billion organisms per ml, is desired, one should dilute 
a small measured portion of the suspension with a measured amount of supernatant 
broth to the turbidity of the 2 billion standard and then dilute the rest of the suspension 
with the supernatant broth to give only one-half as much dilution. 

The organisms may be kilted by heat or by a chemical In killing by heat the sus- 
pension is usually exposed co a temperature of 60* C. for one hour. This treatment will 
usually kill all vegetable forms (not spore-containing) of pathogenic bacteria Thymol 
may be conveniently used by adding 0.1 ml of an alcoholic (95 per cent ethyl alcohol) 

5 per cent solution of thymol for every 5 ml. of the final volume of the vaccine Thus, 
if the suspension prepared above amounts to 10 ml. the final volume of the vaccine 
should be 4Q ml , and 08 ml. of the thymol solution should be added to the suspension 
The latter is allowed to stand in the refrigerator overnight and is then diluted with 
stenle 085 per cent saline In the example presented above, 292 ml. saline are added to 
provide an additional but weaker suspension. 

The vaccine should be cultured for sterility by inoculating portions into fluid thio- 
gly collate medium or a semnolid agar Seven days of incubation are required before the 
vaccine may be designated “stenle " 

The concentrated suspension is then standardized to determine the number of bacteria 
present in a given volume For great accuracy this should be done before beating, since 
this undoubtedly results in some autolysis, but when virulent organisms arc employed 
it is safer to kill the vaccine first. Several methods have been devised for standardization 
These will be discussed presently 
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After standardization phenol is added to a concentration of 0.5 per cent (or tnkresol 
0.25 per cent) of the total volume for preservation, if the vaccine was killed by' heat. Vac- 
cines are best kept in bottles containing a few glass beads for shaking, and capped wAt 
rubber stopper with a thin top through which a needle rtiay be plunged to remo\e each 
dose 

For treatment, staphylococcus and brucella vaccines are prepared in a concentration 
of I billion per ml. For most of the other vaccines a concentration of 100 million is 
preferable. Treatment is begun with one-tenth or one-twentieth of this amount sub- 
cutaneously. Subsequent injections are given at three- to seven-day intervals, gradually 
increasing the dose to 10 times the initial dose. In general the doses are so adjusted as 
to avoid any appreciable local or constitutional reaction. 

When mixed vaccines arc used, pure cultures of each organism are obtained, and 
separate vaccmes.are prepared and standardized. They arc then combined in appropriate 
concentrations. 

Vaccines have been prepared by various methods of autolysis and digestion. In general 
such preparations arc antigenic unless the autolysis is carried too far, but it is questionable 
whether they have any advantage over other types. 

Standardization of Vaccines: Wright's Method. In a capillary pipet with a mark about 
Yi inch from the tip, I volume of vaccine is drawn up, then a small air bubble, and then 
blood from the finger tip to the same mark. The contents of the pipet are muted quickly, 
a smear is made on a slide and stained. The red cells and bacteria are counted in scl- 


eral areas. The number of bacteria per ml. = ratio j^c t eria cou nt ed ^ 5^,000 X 1000 

Red cells counted 

Hemacytometer Method In this method a counting chamber is used, preferably the 
special Petroff bacterial counting chamber with a depth of 0.02 mm. However, an ocdwvj 
blood-counting chamber may be used with a sufficiently thin cover to enable one to 
focus on the bacteria clearly The vaccine is drawn up to the 0.5-mark with either 
red- or the white-cell pipet according to the concentration of the suspension, and then 
diluted with freshly filtered weak methylene blue or 0 05 per cent dahlia in I pw 
formalin to the 11 (or 101) mark. Callison recommends the following diluting flui > 
which promotes rapid sedimentation of the organisms. Hydrochloric acid 2 ml, l " 
chloride of mercury (0.2 per cent) 100 ml., and sufficient 1 per cent aqueous solution c 
acid fuchsin to color a deep cherry red. This should be freshly filtered before u®g 
The piper is thoroughly shaken and the mixture is run into the counting chamber, 
preparation must be allowed to stand at least one-half hour before counting to a ow 
bacteria to settle By direct counting of the squares the number of organisms per m . 
the suspension can be calculated and dilutions made accordingly. # . 

Nephelometric Method of McFarland This is the simplest method, and is su ci ^ 
accurate for most clinical purposes If greater accuracy is necessary me results ^ccine 
checked by direct counting. This method consists in comparing the opacity of c ^ 
with a series of 10 standard tubes containing varying amounts of barium s * 
suspension These tubes may be prepared as follows: To a series of 10 tubes o ^ 
diameter increasing quantities of 1 per cent CP. barium chloride a . re . eac ji 

starting with 01 ml. in the first tube, and increasing the quantity by VI ■ 
succeeding tube. Then to each tube enough 1 per cent C.P. sulfuric acid is a c y ^ 
the total volume to 10 ml. When sealed these may be kept for months, but fof 
renewed at least once a year. Another tube of the same diameter is iept s cu!tuftJ 

holding the vaccine for comparison If vaccines are made direct from Dr wbe 
without resuspending in saline, the barium sulfate standards must be ac c 
of sterile broth , « nn roximatelf, 

In such tubes the density of the different suspensions will correspond app 
in the case of most of the ordinary bacteria, to the following number of barter 
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No, j 

Number of Baden* 

No. 

Number of Bacteria 

i 

300,000,000 

6 

1,800,000,000 

2 

600,000.000 

7 

2,100,000,000 

3 

500,000,000 

S 

2,400,000,000 

4 

1,200,000,000 

9 

2,700,000,000 

5 

1,500,000,000 

10 

3,000,000,000 


X bacterial standard containing 1 billion organisms per ml can be prepared by adding 
4 ml. sterile saline to 8 ml triple typhoid vaccine (1500 million per ml ) 

Put 1 mi o! the vaccine in a sterile tube (of the same diameter as the standard tubes) 
and dilute with a measured amount of sterile salt solution until it matches the density 
of one of the tubes The tubes must be well shaken. Calculation number of bacteria 
per ml number corresponding to the tube matched times the dilution For example, 
if I ml of vaccine is diluted to 5 ml. to match tube No. 3 it contains 000,000,000 X 5, or 

4.500. 000. 000 organisms per ml. To make from this suspension 30 ml. of vaccine containing 

500.000. 000 per ml., the number of ml of vaccine to be diluted to 30 will be 

30 X 500,000,000 ... „ . 

4,500,000,000 W ' 


For greater accuracy several of the prepared tubes may be checked with vaccines of 
known concentration The figures given above apply to organisms about the size of the 
staphylococcus, streptococcus, gonococcus, and colon bacillus. Vaccines of the influenza 
bacillus contain about three times as many organisms as these standards would indicate. 

Therapeutic Use of Vaccines. For the most part vaccines are nor indicated m acute 
infections In certain chronic or subacute infections they may be beneficial They have 
been used particularly in furunculosis, sinus infections, outis media, bronchitis (especially 
when associated with asthma), pyehus and cystitis, chronic gonorrheal infecuons, infectious 
arthritis, and other low-grade, chronic infectious processes. 

The prophylactic use of typhoid vaccine, tubercle bacillus preparation;, and other 
vaccines is discussed under their respective headings 
Typhoid vaccine has been given intravenously for the production of protein shock 
and fever in the treatment of chronic arthritis and many other diseases, including syphilis, 
especially paresis and Wassermann-fast cases Doses should be small, not over 25 or 50 
million for the first dose, and should not 6c increased beyond 300 million. 


Serodi agnostic Tests for Syphilis* 

There arc two types of serodiagnostic tests for syphilis, namely, the complcmem- 
fitatton and the precipitation tests Hie var jouj precipitation tests are also spoken 
of as flocculation tests. 

Wassermann, Nemer, and Bruch, in 1906, were the first to utilize the phenom- 
enon of Bordet and Gengou in the serodiagnosis of syphilis. At first the reaction 
as applied to syphilis was thought to 6c a true antigen-antibody reaction This was 
disproved when it was shown that alcoholic extracts of siormil tissues were more 
sensitive and specific than aqueous extracts of syphilitic tissues. The addition of 
cholesterol to the alcoholic extract containing the lipotdal fraction of the tissue 

•Thu »«iion, “5*fodi«nf>tiu: Ton fer S'pWii* (pj>. 3G5-5A6) wa* written by Lieutenant 
Cnwitic Stout II(W) USSR, Naval Medical School, NNMC. 
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improves the antigenic value and forms the basis of the antigens used in die various 
diagnostic tests for syphilis. The two best known and widely used complement- 
fixation tests are the Kolmer and the Eagle. 

The phenomenon of precipitation with syphilitic sera was described in 1907 by 
Michael is. The earlier tests were not sufficiently sensitive or specific to be of diag- 
nostic value. In 1921 Kahn began to study the precipitation phenomenon with 
syphilitic sera and developed a rapid test which was so superior to the slow pre- 
cipitation technics that it attained wide use throughout the world. Since then a 
number of other flocculation tests have been developed which are, as a rule, Jcnonn 
by the names of their respective authors. The best recognized of proved value arc 
those of Eagle, Hinton, Kline, and Mazzini. 

In the pages following, the details of the technics for the Kahn precipitation test 
and the Kolmer complement-fixation test arc described. 


Kahn Test Procedures 


Apparatus. The use of standard apparatus in the performance of the various procedures 
of the Kahn tests is absolutely essential for correct results 

1 Kahn test tubes for the performance of the tests (with serum and spinal fluid) art 
75 mm in length and 10 mm. in inside diameter, and arc made of Pyrex glass 

2 Antigen-suspension vials (with straight wall and flat bottom) for preparing Kahn 
antigen suspensions are 55 mm. in length and 15 mm. in inside diameter. 

3. Pipets; The following pipets are needed: 

10 0-ml. graduated to 0.1 ml. 

1.0-ml. graduated to 0 01 ml. 

0 25 ml. graduated to 00125 ml. (for pipetting antigen suspension) 

0.2-ml graduated to 0001 ml. . 

4, Blood-specimen test tubes. The recommended size of test tubes for the col.ectw 


of blood specimens is 100 mm. >< 15 mm , Pyrex, . . 

5. Scrum test tubes. The recommended size of test tubes for holding the in tvl u 
serums to be tested is 100 mm. X 13 mm., Pyrex. j 

6 Kahn test-tube rack made of suitable material (preferably rubberized sheet 
is 3 inches wide, UK* inches long, 2% inches high, and consists of three s “j; v *V 
upper and middle ones containing three rows of holes each approximately 71 inc 
diameter The center row of holes is offset % inch to the left. 

7. Kahn shaking apparatus. This apparatus has a speed of 275 to 285 osci a 
minute, with a stroke oilMs inches. 

8 Water bath must be of such type as to maintain a temperature of 56 C. 

9. Centrifuges and metal centrifuge tubes. . . _ r ougWjr 

10. All glassware must be scrupulously dean. Tubes and vials are rinse : # 

until absolutely clean and free of blood, serum, etc., and they are cn be 

minutes in soft water containing a very mild soap such as Ivory FI es. ^ en ^ 

absolutely certain that the soap is in solution before adding to t e u c / caI jio£ 

tubes and vials are rinsed thoroughly in soft water and placed in tc t / f « 

solution overnight (12 to 24 hours), after which they are rinsed in sot * dualled 
of all cleaning solution (three to four rinsings) and then ate n £sed ' 

water. They are then inverted in wire baskets and dried thoroughly i forK „ u t 

Pipets are rinsed thoroughly (immediately after use) in cool tap wat 
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of the bores all serum, etc They should then be left immersed in tap water in a 
museum jar until they tan be put into the cleaning solution. They are placed in cleaning 
solution overnight, after .which they are rinsed thoroughly in soft water and twice m 
distilled water. The pipets are then placed in a slanted position m a wire basket and 
dried thoroughly in an oven If cleaning solution is not employed, a layer of organic 
material will accumulate oft the glassware. Automatic Pipct Washers are an aid m the 
laboratory having a big load and lacking w personnel. Copper pipet boxes are 
also recommended, if available, for their convenience and hr their protection to the 
pipets. 

Reagents. Anticew, The antigen for the Kahn test is a specially prepared alcoholic 
extract (cholesterolized) of beef heart from which the ether-soluble elements have 
been partially removed Each lot of antigen must be standardized to render u comparable 
in sensitivity and specificity to standard Kahn antigen The following steps arc employed: 
(1) Determination of titer; the minimum amount of 09 per cent salt solution to be added 
to 1 ml. antigen producing a suspension of aggregates which undergoes complete visible 
dispersion upon addition of further salt solution. (2) Determination of sensitivity and 
specificity; antigen is tested at its titer with syphilitic and nonsyphihtic sera, employing 
simultaneously standard antigen as a control (3) Correction of antigen to standard 
requirements It is distinctly advantageous to obtain Kahn antigen from well-controlled 
central laboratories where it is prepared m large amounts For details regarding the 
preparation and standardization of Kahn antigen, see Technique of the Standard Kahn 
Test and of Special Kahn Procedures, by R. L. Kahn, University of Michigan Press, Ann 
Arbor, Michigan (1944). 

Standard Kahn antigen is stable and will maintain the same titer and remain uniform 
in sensitivity and specificity for many years provided (a) it is stored in chemically 
clean dry bottles and tightly stoppered with screw caps lined with tin foil or vmyhte. and 
( f > ) is kept at room temperature in a dark place 
Sauke Solution The saline solution consists of 09 per cent sodium chloride (CP) in 
distilled water. The sodium chloride should be dry before weighing Kahn saline solu- 
tion should be prepared every few days and always filtered before using 
Serum. The blood specimen is centrifuged to separate the serum from the clot. The 
clear supernatant serum is either poured off into a clear tube, or it is pipetted off with 
a serum-transfer, bu!b~capillary ptpec The same transfer pipe t must never be used for 
more than one specimen until it is recleaned It is essential that the serum be entirely 
free from cells or other particles, since they may give the impression of a precipitate m 
the completed test 

The results of the Kahn test are not affected if the sera show moderate hemolysis or 
bile, but if markedly hemolyzed or decomposed because of bacterial contamination they 
are not fit for serologic examination 

The clear serum should be heated (inactivated) for 30 minutes in a water bath at a 
temperature of 56* C. and then examined for patucics. If present, the specimen must be 
recentnfuged. Sera should be tested as soon as possible after being heated For uni- 
formity, it is well to begin the performance of the tests within JO minutes after the sera 
have been removed from the water bath. Sera that have been heated 2 to 24 hour* pre- 
viously should be reheated for 10 minutes at 56* C. when they are to be rc-exammed, 
if after 24 hours, they should be reheated for J5 minutes. 

Standard (Diagnostic) Test with Serum. The standard tett is a three-tube test, each 
tube containing a different proportion of serum to antigen suspension. Optimum pre- 
cipitation is obtained when the concentration of antigen and antibody (reagm) approxi- 
mate one another Hence, a relatively large, moderate, and small quantity of antigen sus- 
pension u employed with each scrum, since the serum may contain a large, moderate, 
or small amount of antibody Then again, the use of three proportions of scrum to antigen 
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sropcnsran makes it poisiblc to obtain WgHj. scnritiie reactions with randan) satljt, 
much js of moderate sensitivity, but of high specificity. P 

The Mowing outline presents the general plan of' the standard Kahn reaction 
four different ranges m precipitation: 8 



Tube 1 

Tube 2 

ITuie) 

Serum-antigen suspension ratio 

3:1 

6:3 


Antigen suspension, ml. 

0.05 

0025 

00125 

Scrum, ml. 

0.15 

015 

015 

Illustrative Types of Precipitation Reactionr: 




Negative in the three proportion* 

l 

_ ; 


Positive in the three proportions 

1 ++++ 

'+ + + + 

+-H-+ 

Positive on/y with the smalt amounts of antigen 
suspension 




Positive only with the larger amounts of antigen 
suspension 

+ + + + 

++ 



Procedure: I. preparation of standard antigen suspension. This suspension is pre 
pared shortly before the sera are taken from 56° C. water bath. Antigen is mixed with 
salt solution according to the required titer. Thus, if the titer is I ml. antigen plus H 
ml. physiological salt solution, the antigen is mixed as follows: (a) 1.2 ml. salt soluw. 
is measured (with a 1-ml or 2~ml. pipet) into a chemically clean and dry standard antijia 
suspension vial; (b) l ml antigen is measured (with a chemically clean and dry lid 
pipet) into a similar vial; (e) the salt solution is poured into the antigen, and as rap®) 
as possible (without waiting to dram the vial) the mixture is poured back and forth s 
total of 12 times to ensure thorough mixing; (d) the antigen suspension is allowed to 
stand for 10 minutes before using. The suspension is not to be used after standing 
30 minutes from the time of mixing. A previously prepared antigen suspension « dot 
to be mixed with a newly prepared suspension- More than 1 ml. of antigen may be 5t' u ™ 
with a proportionately larger amount of salt solution. Thus, in case of an antigen wt 
the above titer, 2 ml. may be mixed with a 2 4-mI. salt solution and 2.5 ml. with a 30-|u 
salt solution. Amounts of antigen less than 1 ml. or more than 3 ml. for the prepaid 08 
of an antigen suspension should not be used. 

2 measuring antigen suspension After standing 10 minutes, the antigen suspension 
is shaken well, and 005-, 0025-, and 0 0125-ml. amounts are meastved foi each 
delivering the suspension to the bottom of the tubes. The standard rack capacity » 
tubes, 0 05-mi. amounts are measured into the tubes of the first row. 0 025-mi- ynoun s 
in the tubes of the second row, and 0 0125-ml. amounts in the tubes of tht thud foW . 

3 measuring serum The serum is added as soon as possible after the antigen suspens^ 

has been pipetted to avoid undue evaporation of the suspension. It is of the utinort^ 
portance to use a clean, dry pipet for each scrum. Each serum, in 0.15-ml- amounts, » a ^ 
to the 00$-, 0.02S-, and QQl2S-m! amounts of antigen suspension, and the rac * 0 ^ 
is shaken vigorously for 10 seconds to ensure thorough mixing of the ingredients ^ 
serum-antigen mixtures should stand for about five to seven minutes (preferably °° ^ 
than three minutes and not more than 10 minutes) at room temperature before 1 
chamcal shaking for three minutes (see ‘‘Shaking” below). , K ,^ 

4. co nth oi s Before measuring the antigen suspension and serum for die «g“ ^ au/0i 
three contro tests are carried out, one with a positive scrum, on t with a f 0n , 

and one employing salt solution instead of serum. The antigen suspension or 
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trols is pipetted immediately after it has stood for 10 minutes. After pipetting the sera 
(and saline), the tubes are at once shaken for three minutes This control set-up, com- 
pleted in not more than five minutes, permits the reading of the results of the control 
tests before performing the regular tests and makes possible the detection o£ any error 
tn the preparation of the antigen suspension 

5 shaking The tubes are shaken m a standard shaking machine for three muiutes The 
machine has a speed of 275 to 285 oscillations per minute, with a stroke of inches 
6, AbmroN of salt solution After the three-minute shaking period, 1-mi. amounts of 
salt solution are added to the tubes of the first row of the rack (containing the 005-ml 
amounts of antigen suspension) and 05-ml amounts of salt solution to the remaining 
tubes. The rack is shaken by hand sufficiently to mix the ingredients 
Reading or Results Results are read immediately after the addition of salt solution, and 
a check reading is made 15 minutes later, the racks remaining at room temperature dur- 
ing this interval. A permanent record is made of both readings If the first reading is 
made m about five minutes after the addition of salt solution, the second reading should 
be made 10 muiutes later. The final result is the average of the first and second reading. 
If it is impossible to read the results twice, then they should be read m from 5 to 10 
minutes after the addition of salt solution 

Optimum reading conditions m each laboratory should be determined by trial, and 
workers should limit themselves to one method of reading 
When utilizing daylight for reading the results, it is well to base but one source of 
light coming from a single window immediately m front of the reader It will be found 
satisfactory to shade the upper and lower portions of the window, narrowing ihe source 
of light to a section several feet ut height Light from any other windows near the 
reader should be dimmed by lowering the window shades When holding the rack in 
front of the exposed section of the window, the definitely positive and the negative 
reactions may be readily differentiated without lifting the tubes from the rack. In case 
of weak reactions each tube should be examined individually, lifting it several inches 
above the eye level and slanting it until the fluid is spread into a thin layer The 
precipitate will then become readily viable 

Those preferring magnification will find the microscope mirror helpful The mirror 
is placed on a reading table (black top) wnh us concave surface upward The tube, m 
slanted position, is held about 2 inches above the mirror and the image in the mirror is 
examined. Either daylight or artificial light (for example, the microscope lamp) may be 
employed An adjustable fluorescent lamp is most satisfactory. One musr make cer- 
tain that the light is not too bright and that, when looking into the mirror, one does 
not see the reflection of the light bulb itself but only the magnified image of the Kahn 
reaction jn the tube 

jNTExmTvnoN or Results l The reaction in each of the three tubes of the test is read 
independently A definite precipitate suspended in a clear medium is read four plus. 
Proportionately weaker reactions are read three, two, and one plus, and plus-minus or 
doubtful, respectively. 

2. Strongly potent sera show complete or four-plus precipitation m each ol the three 
tubes, but owing la the different amounts of antigen suspension employed the precipitates 
arc unequal tn bulk, being greatest in the first tube and least in die last tube 
3 Sera that are not strongly poicnt do not show complete precipitation in each of the 
three tubes Such sera show most marked precipitation i n the thud tube because a small 
amount of antibody (rcagin) reacts best with a small amount of antigen suspension 
These seta generally show weak precipitation in the middle tube which contains a 
moderate amount of antigen suspension, and no precipitation in the first tube which 
contains a relatively Urge amount of the suspension 
A Another type of precipitation reaction is met with occasionally, namely, one in 
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which precipitation is marked in the first tube and weak or negative in the second or 
third tube. In this instance, the serum generally is so markedly rich in antibody that 
it requires a relative excess of antigen suspension to give maximum precipitation When 
a reaction of this type is encountered it is necessary to set up a supplementary test in 
which the amount of antigen suspension in relation to serum is increased beyond that 
employed in the standard test. A supplementary test is set up in which 2:1 and 1:1 
proportions of serum to antigen suspension are used, thus: 


Supplementary Kahn Tests 



lit j 

1 Ini 


Tube 

| Tube 

Ratio 

1:1 

ITT 

Antigen, ml. 

1 .05 

; .05 

Serum, ml 

! 05 

j 


The tubes are shaken three minutes. After shaking, 1.0 ml. saline is added to each tube. 
These two tubes, or at least tube 2, should show definite flocculation if the serum H 
strongly positive 

As an additional check on sera giving precipitation reactions in the first tube of the 
standard test and negative reactions in the remaining two tubes, a second supplementary 
test is made by setting up a partial quantitative rest. Thus, the serum is diluted 1:5, 
l : 1 0 , and 1 : 20 with saft solution and each dilution is examined with antigen suspcniion 
m a proportion of 15 ; 1, m accordance with the following outline. 



Tube 1 

! Tube 2 

Tiiir i 

Antigen suspension, ml. 

001 

001 

001 

Diluted serum, ml. 

0.15 of 3 : 5 

0 15 of 1 : 10 

0.15 of 1 : » 

The tubes arc shaken three minutes. 
Then the salt solution is added, ml. 

05 

05 

| 05 _ 


If one or more tubes should show definite flocculation, the reaction of the serum ti 
be considered positive , 

If the supplementary examinations do not show positive reactions, then the three w 
test, which shows marked precipitation in the first tube and negative precipitation in 
remaining two tubes, must be considered as giving a weak or doubtful reaction. 

Rarely one finds that the three-tube tests show a borderline precipitate in cac 
three tubes, such as ±., ±. t +,+,+; or perhaps + +,++, -f +■ After avxt 

that these borderline reactions are not due to serum particles, the two SU PP ^ ^ 

tests described above are carried out. If these two tests show definite floceu - * ' jj nc 

reactions are reported as positive. If reaction to the supplementary tests is a so ^ 
or questionable, the chances arc that it is nonspecific , owing to conditions o 

^Rekjutinc Result,. The final result to be repotted to the physician 
' adding the plus signs in the sis readings and dividing by set (£ reading 

The first reading is the one made immediately after the addition of saline, The 

reading is the one made alter the racks have stood 15 minutes at room temperate 
following tables illustrate the method of reporting. 
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Table 19 

Type* of Reactions Reported “Positive (4+++)" 


Serum j 

Number 1 

fine Reading j 

Second Reading 

Tube 1 | 

Tube 2' I 

Tube 3 J 

Tube 1 j 

Tube 2 

Tube 3 

l 

+4++ ■ 

++++ 1 

++++ 

++++ 1 

++++ 

++++ 

2 

+44+ 

++++ 

++++ 1 

++ 

++++ 

++++ 

3 

+++ 

++++ 

+++ + 1 

+++ , 

++++ 

++++ 

4 

++++ 

++++ 

+++ | 

++++ 

++++ 

+++ 

5 

++++ 

+++ + 

++ i 

++++ , 

++++ 

++ 

6 


++++ 

+ ; 

++++ 

++++ 

+ 

7 

++++ 

++++ 

— i 

++ + + . 

++++ 

— 


Experience ha* shown that sera reacting as in I, 5. 6, and 7 (zone phenomena) are sironply 
positive; hence, they are reported as “positive (++++)•" 


Table 20 

Tvpr* of Reactions Reported “Positive (4444)' Pros torn Supplementary Examinations 
I and 2 Are Positive 



Fine Reading , 

Second Reading 

Number 

Tube 1 j 

Tube 2 | 

Tube J j 

Tube 

Tube 2 j 

Tube 3 

\ 

44++ 1 

1 +4+ 1 

44 + 

444 1 

444 1 

j 444 

2 


+++ , 

4 + 

4444 

444 , 

44 

3 

+ + + + i 

+ + + 

— 

4444 

444 i 

— 

4 



— 

4444 

— 

| — 

5 

+++ i 

+ + + 

444 

444 

444 

444 

6 

++ ■ 

++ 

44 

44 

44 

44 

7 

++ 

— 

— 

44 

— 

— 

8 

4- , 

+ 

4 

4 

4 

4 

9 

+ 

— 

— 

4 

— 

— 








II 

* 

- 



“ 

— 


Table 21 


Types or RrAf tiovs Reported "Positjs e )“ 


Number 1 

fine Reading 

Second Reading 

Tube ; ' Tube 2 j Tube i 

Tube t | Tute 2 | Tube 3 

1 

■f-4 4 tr +4 4444 

44 4444 4444 

2 1 

+ o- , t-444 1 4444 

— 44-f 4444 

3 

I £ . 4444 ] 4444 

- 4444 44+4 

3 

I 4 ) 4444 1 4444 i 

^ 1 444 1 44+4 
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Table 22 

Tvm of Reactions Repomto “Positive (-J— f.)" 


Sertm 

J Fil'd Reading 

Second Reading 

Number 

Tube 1 

Tube 2 \ 

Tube 3 

|* Tube 1 ■ 

Tube 2 

Tube 3 

3 


++++ 

+4-4-4- j 


-f++ : 

+++4- 

2 


++ 

++++ j 

— 


++++ 



4-4-4- , 

4~f4- 

— i 

4 - 4 - i 

+++ 

4 

— 1 

++•+ 

+4-4- j 

— 

+ 1 

: 4“K 


Table 23 


Types of Reactions Reported “Doubtfue (-f*)" 


Serum 

First Reading 

Second Reading 

Number 

j Tnh 1 

Tube 2 \ 

Tube 3 

Tube 3 j 

Tube 2 

[ Tube 3 

l 

— 

+ 1 

++++ 

— 

+ 

K 

2 

— 


+++ 

— 


Kl 

3 

— 

++ 

+4- 

— 



4 

— 

+ 1 

4~f 

~ 


■BW 


Table 24 

Types of Reactions Reported "Doobtfui (±)" 



j First Reading 

Second Reading 

Number 

Tube i 

Tube 2 

Tube 3 

Tube 1 ; 

| Tube 2 

Tube 3 





4-4- 

— 


+4- 

2 

— 

— 

4-4- 

— 

~ 

+4- 

3 


4* 

4-4- 

— 

— 


4 

— 

4- 

4-4- 

— 

4- 


5 ! 

— 1 


4-4* 

~ 




Table 23 

Types OF Reactions Reported “Negative (— ) 


Serum 

Number 

1 First Reading 

| ' Tube I 

Tube 2 : 

Tube 3 


( — 

___ 

+4- 


j __ 



+4- 




4- 

4* 




4- 

4- 




* 4- 

-f 

6 . .. 



4- 


Second Reading 
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Table 26 


Type* of Reactions Reposted “Negative” 


Serum 

Ftrti Redding 

Second Reading 

Number 

j Tube 1 | 

Tube 2 

Tube 3 

Tube J 

Tube 2 \ 

Tube 3 

1 


+ 

+ 

_ 

— 1 


2 

— 

■± 

+ 

— 

— 

+ 

3 

— 

:fc 


— 

ct 

2; 

4 

— 

* 

± 

— 

;£ 

A 

5 

_ 

— 

+ 

— 

— 

+ 

6 

- 

— 

* 

“ i 

— 

* 


Quantitative Test with Serum. The standard Kahn test is only partially quantitative A 
serum might give a + + + + reaction or a + + +» ++, + or a doubtful (:£.) reaction, 
but two sera giving + + ++■ reactions might show marked variations in their potency 
The extent of this difference may be readily determined by use of the quantitative test 
Positive sera are first diluted, in senes, with salt solution. Each serum dilution is then 
examined with standard antigen suspension. The highest dilution giving a positive pre- 
cipitation reaction is the end point desired The apparatus and reagents are the same as 
for the standard test 

Dilution or Positive Serum with Salt Solution Five Kahn tubes are set up Into tube 

1 u measured 0 3 ml of the 0.9 per cent salt solution, and into each of tubes 2, 3, 4, and 6, 

02 ml of the salt solution To tube 1 is now added 02 ml of the serum to be tested with 
a 0 2-ral pipet The mixture of serum and salt solution « drawn up in the pi pet and emp- 
tied by blowing our the contents into the rube. This is repeated three rimes to assure the 
proper mixing of serum and salt solution With the same pipet, 0 2 ml of the mixture is 
transferred to tube 2 Mixing and transferring are continued as before through tube 5, 
where the pipet tv permitted to remain 

The accompanying table goes the scheme for preparing the serial dilutions of serum: 

Table V 


Serial Dilutions or Serum — Quantitative Kahn Test 


Tube 

Solution | 

0 9 V. NaCl j 

S n bit oner (Serum end far Mature of 
Serum and Sail Solution) Added 

Final 

Dilution 

t 

0 3 ml 

02 ml of umh’uicd srrum 

1 25 

2 | 

02 ml | 

02 ml of mixture [root tube . j 

1.5 

3 

! 0 2 ml 1 

0 2 ml of mixture from tube 2 ! 

l 10 

4 

! 02 ml 

02n>) of mixture from tube 3 j 

1.20 

5 

l 0 2 ml j 

0 2 ml of mixture from tube 4 , 

1 40 


Note The serum dilutions should not be allowed to stand longer than 30 minutes be- 
fore their transfer to the antigen-suspension tubes. Preferably, the serum dilutions should 
be employed vviihm 10 to 20 minutes after their preparation. 

Performance, of Test The antigen suspension is prepared m the visual manner by 
mixing Kahn standard antigen »tih 09 per cent salt solution, according to the antigen 
titer After standing 10 minutes (but not longer than 30 minutes) the antigen suspension 
is pipetted m 001 ml amounts into each of five Kahn test tubes, the suspension being 
deposited at the bottom of the tubes With she pipet that has remained standing in the 
highest scrum dilution (tube 5), 0 IS ml. is transferred utto the corresponding tube 5 
containing the antigen suspension. Then, with the same pipet, 0 IS ml. of serunvdilutton 
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tube 4 is transferred to .nng.n-susp.nskm tub; 4 In the same «y, all the serum d,V 
tions arc transferred to the antigen-suspension tubes, in series -The rack of tubes is shaken 
for three minutes in the raerf lanfcal skater (275 to 2S5 oscillations per minute). To rath 
tube ts then added 0.5 ml. of 0 9 per cent sodium chloride solution, the rack is shaken for 
iU seconds to assure proper mixing and the results arc read. 

Determination of Kahn Units. A definite precipitate ( + + ++, or +-f ) tt 

recorded as positive. while a very weak (+ or reaction is dwegarded. 1 £ a semm 
gives a + + + -K + 4*+. or + + Kahn reaction (in an undiluted state) and reaction it 
negative in the dilution series, the serum is considered for simplicity in calculation as 
containing 4 units, 3 units, or 2 units, respectively. The potency of any serum which it 
positive on dilution is determined according to the formula S as 4D, where S is the scrum 
potency in terms of Kahn units and D ts the highest dilution ratio giving a positive 
(+ + + +• + + +» or -f +) reaction. Thus, if serum dilution 1 : 5 is positive and 1 : 10 
and higher dilutions are negative, the serum contains 5 X 4 or 20 Kahn units. If serum 
dilution I . If) IS positive and 1 : 20 and higher dilutions arc negative, the serum con- 
tains 40 units. 

Reporting Results. Results are reported "4 Kahn units," “40 Kahn units,” etc, as the 
case may be 

Highly Potent Sera. If a scrum gives a positive precipitation reaction in a dilution of 
1 : 40, still higher dilutions of scrum (l :60, l 80, I : 100, l ; 750, and 1:200) are 
examined with antigen suspension until a positive reaction is no longer obtained. Higher 
dilutions of serum may be readily prepared in accordance with the following scheme. 

I. A l : 10 dilution of serum with 09 per cent salt solution is prepared by mixing 01 
ml of undiluted serum with 0.9 ml. of 09 per cent sa’t solution 

1 With the 1 10 dilution as a base, dilutions of 1 : 60, I : 80, 1 : 100, 1 : 150, and 
1 : 200 are prepared. 

The following is an outline of the scheme* 


Table 29 

Sf.ni vl Dilution! of Highly Potent Serum — Quantitative Kaiiv Tut 


Solution 
0 9 % NeCl 


0 5 ml. 
0? ml 
09 ml 
0 7 ml 
0 05 mi 


1 . 10 Dilution of Serum (0 1 ml Serum to 
09 ml of 0 9% Salt Solution ) 

! final 

Dilution 

0 1 ml 

I . 60 

0 1 ml 

t :S0 

01m! | 

' i-too 

0 05 ml i 

1-150 

0 05 ml 1 

1-200 


Standard (Diagram; e> Test "o ' 1 Spinal Una. ,n ''ns last the spinal fluid Sl*“j‘“' 
3 rc precipitated by means of ammonium sulfate and redissolvcd m an amount o P 7 
tological salt solution equivalent to one-tenth of the original spmaf-tTuuf so “ mc \ 
concentrated globulin solution thus obtained is then examined with sundard an p 

suspension. . 

Prepabatiom op Coscehir.ted Globulin Solution: 1 arsenm. The " * : 
for the preparation of concentrated globulin solulion are («) spinal fluid. ■ JJW . 
rail soli, non. and (r) a saturated solution a! anmow-a *AhK of l « ’ ,h„ 

(•‘reagent’’ quality) C-P. ammonium nilfaic is not of sufficient p any 
Triply distilled water is employed in making this solution. ; 

2 kocenuM (») Spinal fluid is centrifuged to render « 
particles. (If blood ,s present or fluid it cloudy. ” , “ ,, 5 , , 

1 ff) I 5 ml of the cleat fluid is added to a standard Kalin tesi tul e I 1 
(r) To S same tube it added 1.5 ml saturated solution of ammonium «■&* 
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(d) The fluids ate mixed by covering the mouth of the tube with the thumb (protected 
with rubber) and shaking tube back and forth vigorously The mixture is placed in a 
56" C. water bath for 15 minutes to hasten the precipitation ot the globulins 

(e) The mixture is centrifuged at high speed (about 2000 t.pm ) for 15 minutes to 
throw down the precipitated globulins completely The supernatant fluid should be water 
clear 

(/) The supernatant fluid is removed as completely as possible with a finely drawn 
capillary pipet An optional method for removing this fluid « to pour it off rapidly and 
invert the tube in a standard rack over clean filter paper, allowing the moisture that ad- 
here* to the tube to drain and be absorbed by the paper for a. period of 10 minutes. This 
draining period is not necessary if the inside of the tube is wiped dry by means of filter 
paper The filter paper is first wound around a glass rod or pencil and is then inserted 
into the tube, without touching the precipitate. Fresh filter paper is employed for wiping 
each tube 

(g) Salt solution (09 per cent) tn the. amount of 0 15 ml is added to the globulin 
precipitate which is rcdissabicd readily by gentle shaking. In adding this salt solution the 
point of the pipet is held close to the bottom of the tube to avoid washing down traces 
of ammonium sulfate that m3y adhere to the inner wall In isolated instances, when an 
excess of globulin is present m the spinal fluid, the globulin precipitate may require 
somewhat mote than 0 15 ml saline for complete solution 

(A) This globulin volution should now be inspected for clanty and for freedom from, 
particles, u is then ready to be examined. 

Preparation of Antigen Suspension. Salt solution is mixed with antigen in the same 
manner as tot the standard test with scrum, according to the antigen titer required for 
spinal fluid The antigen suspension ts allowed to stand 10 minutes and must he used tn 
the test within the next 20 minutes. 

Measuring Antigen Suspension With a 02-mt pipet graduated to 0001 ml, 001 ml 
antigen suspension is measured to the bottom of a standard Kahn test tube 
Table 2 r J 


Spinal Fund — Standard Test 



| Tube 1 

Tube 2 

Ratio ot concentrated globulin solution antigen suspension 

| 15 J 

15 * 1 

Aniigen suspension, ml 

001 

0 01 

Concentrated globulin solution, ml ... 

Shake by hand for 10 seconds, then four minutes in mechanical 
shaker 

015 

015 

i 

5alt solution, ml 

I 05 | 

05 


Measurivxs Concentrated Globulin Solution With another 02 ml pipet, 015 ml of 
(he concentrated globulin solution is introduced into the antigen suspension lube The 
rack is shaken vigorously for 10 seconds to mix ingredients 
Controls Positive and negative spinal fluid controls are included 
Shaking. After mixing die globulin solution with antigen suspension, the test tubes are 
shaken at the standard speed for four minutes 
Addition of Salt Sou. T ins To the tubes i$ added 05 ml. physiological salt solution 
Reading ftuuucs Four-plus, three-plus, and two-plus reactions arc reported as positive, 
one plus reactions are reported as doubtful and plus-minus and negative reactions are re- 
ported regain e 

Quanittatu e Test *«l» Spinal Fluid. The method consists of examining with standard 
antigen suspension either serial dilutions of spinal fluid with sabne or serial dilutions of 
the globulin solution with saline, as follows 
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If !;, E “ min ' spM fluid with 0 0! ml. standard antigen suspension 

“ ' J reaction (after shaking for four minute,) is positive, then serial dilutions^ the 

Ge« aHu 'V' P ,'T"m f? '" h d ' ,uti ‘ ra CKSmixi mth suspension 

Gene rally, .! .15,1 .20, and 1 -30 d.lm.ons of the spinal fluid with saline are ample 

S nee. m iC Qualitative (standard) Kahn test with spinal fluid, a four-pta racoon is 
based on a giotmto solutton winch rs ten times as concentrated as the spinal fluid, it fol- 
lows that when the spinal fluid itself goes a four-plus seaclion, this reaction is ten times 
more potent than the reaction with globulin. Hence, when a spinal fluid without concen- 
tration gives a positive reaction, the number of Katin units is 10 X 4, or 40 and if mo 
parts (02 ml.) spina! fluid are diluted with one part (0.1 ml) saline and lbs dilutee 
gnes a positive reaction, the number of Kahn units is 50, provided, of course, that higher 
dilutions of the spinal fluid give negative reactions. 

2. If the spinal fluid gives a negative reaction with antigen suspension and reaction to 
the standard test with the globulin solution is positive, then a 1 :5 dilution of the globulin 
solution with saline is prepared and examined with antigen suspension. If this l :5 dilu- 
tion gives a positive reaction the quantitative titer is 20 Kahn units; if it gives a negative 
reaction the tttcr is based on the results with the undiluted globulin solution. 

Presumptive Kahn Test with Serum. The presumptive Kahn test is a one-tube pro- 
cedure employing a sensitized antigen that renders the test more sensitive than the 
standard Kahn test. Presumptive .Kahn antigen or sensitized antigen is prepared by adding 
sensitizing reagent in combination with cholcstcrohzed alcohol to standard Kahn antigen 
It is standardized so that it possesses a uniform degree of sensitivity as does standard 
Kahn antigen. (See illustrations on pp 318, 319, and 320.) 

The presumptive test is of value (a) as a technical check on the standard rest, (b) in 
treated cases ot syphilis when a highly sensitive method may be desired, (c) as an addi 
tional criterion in establishing rbe absence of syphilis, and (d) as a “screen” test. The test 
is bang used widely as a screen test because it conserves both time and material All 
specimens examined with the presumptive Kahn test and found to be negative may be 
reported without further examination with an extremely small chance of error. Every 
serum showing any reaction whatsoever by the Kahn presumptive test must be checked 
by the Kahn standard (diagnostic) test. 

Procedure Presumptive antigen suspension is prepared as follows: (1) Into an antigen- 
suspension vial is measured I ml. sensitized antigen. (2) The amount of physiological sat 
solution, indicated by the titer of the antigen, is measured into a similar vial. (3) Then, 
solution is poured into the antigen vial and the mixture is poured, as rapidly as pen 
sible, back and forth twelve times (4) The antigen suspension is allowed to stand at toon 
temperature for 10 minutes before using, and is used in the test within the next tvven, 
minutes. . , . , 

Controls. A standard antigen suspension is prepared, according to previous direc 
at the same time as the presumptive antigen suspension Standard and presumptive ^ ^ ^ 
tro? tests are set up with positive and negative sera and with salt solution Qn y ■ 
ratio of serum to antigen suspension is employed with positive and »'<***£ **. 
only the 3 : 1 and 6 : t ratios are employed with the salt solution Imm dtarelj 
completion of the test the results ate read with the follov vttlg aspects n • 
positive control should contain a precipitate; <2) the negative serum • ^ 

should be free from particles and flakes; and (3) the general |f 

serum and saline controls with standard and sens, need an, .gen si, cold be rfc 
these controls with sens, need ant, gen ate cloudier than those “^ ;””* r j d te slightly 
amount of salt solution for the proper titer of the sens, need f dearer to 
increased, generally by 00a ml « the The sensed antigen titer 

those of standard antigen, then the amount of salt solution in 

should be slightly decreased, generally by 0 On ml. .hotoughly raised antigen 

UutteH AMTtcsu SomcsioN. Measure 0025 ml. of the thoroug 



IMMUNrrtf AND HVPERSENSmVENKS 317 

suspension into a standard tube, the suspension being delivered to the bottom o£ the 
tube. 

Table 30 

Pbesumftive Test 
(Sensitized Antigen) 


Ratio of scrum antigen suspension 
Antigen suspension, ml 
Serum, ml 

Shake by hand for 10 seconds 

Lee stand for three to five minutes 

Shake for three ihmutcs in mechanics! shaker 

Add saline, ml 

Shake b> hand for ! 0 seconds 

Read immediate!)’ 


6 1 
0025 
015 


0.5 


Measuring Serum Add 0 IS ml scrum which has been heated for 30 minutes at 56' C., 
and mix with the antigen suspension by shaking the rack vigorously by hand for about 10 
seconds Then the rack is allowed to stand three to five minutes. 

Shaking. The rack is shaken in the usual manner {or three minutes in a shaking ap- 
paratus 

Adding Salt Solution. To the tube is added 05 ml physiological salt solution The 
contents of the tube are mixed and examined immediately for the presence of floccula- 
tion 

Interpretation of Results. The results are read m the same manner as the standard 
Kahn test Complete precipitation, (out plus or three plus, is interpreted as positive, a 
moderate precipitation reaction, two plus, is interpreted as doubtful, while very weak 
reactions, such as one plus or plus-minus, are classed with the negative reactions When 
used as a screen test, every scrum that shows any reaction whatsoever with the presump- 
tive Kahn test must be checked by the standard Kahn test 

Kotnen Complement-Fixation Tests for Smiius 
Glassware and Apparatus: Pjpets Accurate pipets are essential These should include 
1-mJ pipets graduated in 0 01 ml to the tip, 5-ml pipets graduated in 0 l ml , and 10-ml 
pipets graduated in 01 ml Electrically driven automatic pipets capable of delivering 01- 
to I 0-ml volumes with an accuracy within at least 002 ml arc convenient for pipetting 
saline solution, antigen, complement, corpuscle suspension, and hemolysin 
Test Tubes These should measure 85 X 13 mm inside diameter with rounded bot- 
toms and no lips Galvanized wire racks carrying 12 rows of six lubes each are convenient 
Water JUtu Any easily regulated water bath is satisfactory, electric baths with auto- 
matic thermo-regulators are recommended 

REnucEuvroR Any refrigerator capable of maintaining a constant temperature 6t 6* 
u> 8* C is satisfactory 

Washing Glassware All glassware should be chemically clean and preferably sterile 
To clean, tubes and flasks should be emptied and rinsed in running tap water, they 
should be washed inside and outside with soapy water, rinsed several times m running 
tap water, inserted m wire basket*, and dried hi a hotair oven at about 160' C 
Pipets should be placed after use in a jae or cylinder of dean water with a pad of 
cotton «n the bottom To dean, pipets are timed thoroughly in running lap water After 
cleaning, they ate placed in a metal box or wire basket and sterilized in the oven 
If glass w are becomes cloudy, n is immersed m bichromate cleaning fluid (2 parts potas- 
sium bichromate, 3 pans commercial sulfunc acid, and 25 parts water) for 2i hours it is 
then rinsed thoroughly in running tap water and vs ashed as described 
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Reagents: Saline Solution. C.P. sodium chloride is dried thoroughly in a hot-air 
oven. Eight and one-half Gm. are dissolved in 1000 ml freshly distilled water (0.85 per 
cent solution). One ml. of a 10 per cent solution of magnesium sulfate in distilled water 
is added to each 1000 ml. of solution. The resulting solution is filtered into a flask fitted 
with a gauze-covered stopper. 

Sheep Corpuscles. Sheep blood is collected by bleeding a sheep from an external jugu- 

BASIC STEPS IN ALL KAHN TEST 
PROCEDURES AS ILLUSTRATED BY THE 
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hr vein ns aseptically as conditions permit Collection into an anticoagulant and preserva- 
tive solution is recommended. For this purpose one part of the follow, mg solution 
(Boerner-Lukens) for each nine parts of blood is satisfactory: 


Sodium citrate 8 0 Gm 

Dextrose 200 Gm 

1 5 1000 aqueous solution of merthiolate 100 0 ml 
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Blood collected by this method remains serviceable for one to three weeks if stored 
at 0 a to 5° C. It is advisable to keep the blood in the refrigerator for 4$ hours before 
using. t 

Sheep’s blood may also be preserved conveniently in modified Alsever’s solution 
(Bukantz, Rem, Kent, 1946). The erythrocytes so preserved remain unchanged in their 
susceptibility to lysis by complement for at least 10 weeks. 
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Modified AUever*s solution contains : 


Dextrose 2 05% 

Sodium chloride 0 42% 

Trueditim citrate 0 80% 

Citric acid 0 055% 


A 300 ml rubber-stoppered bottle is filled to the 150-mL mark with the solution, evacuated 
by suction, and sterilized for 15 minutes at 15 pounds pressure The final sterilized solu- 
tion has a pH of 6 1 and shows little or no evidence of carameUzattoit. A 20-inch length of 
rubber tubing fitted with a screw clamp and two ! 5-stub’s-gauge needles is sterilized and 
used for collecting the sheep’s blood into the sterile evacuated bottle. A site over the 
sheep’s jugular vein is sheared and painted with dilute tincture of iodine After tightening 
ihe screw clamp on the rubber tubing, one o{ the needles is inserted into the rubber 
stopper of the bottle and the other into the animal’s vein Loosening the screw clamp 
then permits a rapid flow of blood into the bottle, which should be rotated constantly 
during the operation When the bottle »s filled to the 300-m! mark, the screw clamp is 
lightened and the needles withdrawn from vein and bottle. Blood remaining in the tube 
should be discarded Blood and preserving fluid are mixed thoroughly and stored im- 
mediately at i’ to 6* C For convenience in handling, the blood so collected may be dis- 
pensed ascprtcally using a closed system into CQ-ml sterile rubber-stoppered bottles The 
rubber stoppers of these bottles are not removed when blood is withdrawn. 

To remove blood, the contents of the bottle are mixed thoroughly by gentle rotation 
The stopper » swabbed with sterile cotton moistened in alcohol and allowed to dry 
Using a sterile syringe and needle, the stopper is perforated and 10 ml of the blood mix- 
ture are transferred to a 15-ml centrifuge tube Centrifugation is carried out for 10 
minutes at 2000 rpm. The supernatant fluid is removed and the packed cells are washed 
three umes with sail solution according to the usual procedure A 10-ml sample of the 
preserved blood should yield approximately 25 ml of packed cells, sufficient for the 
preparation of 125 ml. of the 2 per cent suspension 

Autism IP Hemolysin A rabbit is given five to $u intravenous injections of 5 ml of a 
10 per cent suspension of washed sheep cell* every five days The rabbit is bled seven to 
nine days after the last injection if a preliminary titration is satisfactory The serum (it 
need not be inactivated) is separated and preserved with aft equal part of best-grade neu- 
tral glycerin 

Complement 1. An excellent and economical procedure is to maintain a colony of 
guinea pigs and to remove 4 to 5 ml hlood from the hearts of a sufficient number to 
yield the required amount of complement serum The animals may be bled in rotation 
every four to six weeks Instead, three or mote pigs may be exsanguinated as fol- 
lows The pig is anesthetized lightly with ether or it u stunned with one or two sharp 
blows on the head, the large hlood vessels on both sides of the neck are severed, care 
being taken not to cur tfic esophagus or trachea, with the aid of a large funnel the blood 
is collected in centrifuge tubes With either method, Kolmer advises placing the blood 
m an incubator at 37* C for an hour before the clots are broken up and centrifuged for 
collection of scrum Otherwise the Wood may be kept at room temperature for an hour 
or two and then placed in the refrigerator overnight when the serum is separated 

2 It k advisable to pretest ihe scrum of each individual guinea pig for nonspecific reac- 
tions before using as complement in the conduct of complement fixation tests for syphilis 
(Giordano and Carlson, 1939) These preliminary tests should be conducted with the 
same antigen as employed m the test far syphilis because nonspecific reactions may occur 
with one antigen and not with another (Hams, ISMl). The technic for testing each 
guinea pig scrum isas follow »■ 

(a) A 1 30 dilution is prepared by mixing 0 15 ml. with 4 3S ml saline sol ution 
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Sw tubes for each complcmcmare arranged in the following manner: 

* 2 3 4 5 6 

1: 3S> complement OS ml. 06 ml 0.4 ml 08 m I. 0.6 ml . 04 ml 

Kolmer antigen . 05 ml. 0.S ml 0.5 ml. 

07 m < <19 ml. U ml. 1.2 ml. i.4 ml. L6 ml. 


y ’P 1 ' c °"' clm “ f <be tubes arc mued and the tubes ate placed in teftigerator at 6‘ 
to tt C for 15 to 18 hours, or oierniglit, at the end of which time they are placed for If) 
minutes m a water bath at 37* C 

</) Add 0.5 mi hemolysin earning two units and 0.5 ml. of a 2 per cent suspension of 
sheep cells to each tube. 

(fi) After mixing the contents the tubes arc placed m water bath at 37* C. for one hour 
and examined. 


(A) Sera showing complete hemolysis in all six tubes are entirely satisfactory. Any 
serum showing a greater degree of inhibition of hemolysis m the first three tubes carrying 
the antigen than m die last three tubes not carrying antigen should be regarded as un- 
satisfactory for the complement-titration and complement fixation tests insofar aj the 
particular antigen employed is concerned. Such sera may be satisfactory with another 
Kolmcr antigen (Hams, 1941), 

3 The mast satisfactory method of preserving complement is by evaporation of 5-nd 
amounts in separate ampules in the frozen state in tocuo by lyophile or the ctyochent 
methods It usually retains both hemolytic activity and fixabthty for 8 to 12 months if 
kept at low temperatures in a refrigerator On adding 5 ml distilled water the material 
goes into immediate solution and is ready for use in she same manner as fresh serum. 

Rhamy’s sodium acetate method as modified by Sonnenschem (I9J0) may be employed 
by adding to complement serum an equal part of solution prepared by dissolving 12 Cm 
sodium acetate and 4 Gm. hone acid in 100 ml. distilled water. For use 2 ml. diluted 
with 8 ml, saline solution gives a 1 10 dilution of complement or l ml. diluted uith 
14 ml. saline solution a 1 30 dilution The preserved complement should be kept tn a 
nearly frozen state tit rhe freezing compartment of a mechanical refrigerator. As the 
complement los.es first in fvxabthty by syphilis antigen and reagm, it may not be MUS * 


factory for longer than three or four weeks. 

Pooled complement may be divided into unit amounts, as 5 ml., placed in test tubes, 
and kept in a deep freeze Unit The number of units necessary for one day’s tests are en 
removed daily, and a portion of this complement used m the hemoljsin and comp emcn 
titrations. Complement may be kept m the deep-freeze unit for nvo to ' v ^ c * . t 
Antigen. A cholesterolized and feci lionized alcoholic extract of powdered bee e 
is used The method of preparation and subsequent titration for standardization in 
found in Apprevei Ubomo, y Teehmr. by Kolmw and Boerner, fourth rdiooti, 
pkloet-Century Company, 1945 The antigen remains stable for a long period of 
kept at room temperature m a tightly stoppered horde _ > tM « ejK - 

Ess Albumin. When pmaone or nonspecific reset : ^mav be ” * „ aid 

ploying spinal fluid or tn quantum.*: non *«h » ■> ' 7 ft, 

0 2 ml. el a 50 per cent solution of egg albumin to each mho «• Ore tcsK Top P 
eggSbumin solution, a Ire* e SS « «•* "' h “ c “ ’ 
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The white is filtered through several layers of gauze, measured, beaten briskly, and an 
equal volume of saline solution is added to it The solution is kept in the refrigerator. 

An alternate method is to prepare a 10 per cent solution m saline and use this for 
diluting the complement so that f ml came* two full units. 

Sera 1 All specimens arc lined up and properly labeled 

2. All specimens are centrifuged and the sera separated into test tubes properly labeled 
3 The sera arc inactivated by placing the tubes in a water bath at 56* C for 20 to 30 
minutes If the sera have been heated a day or two before the actual test, they should be 
reheated for five minutes at 56* C before proceeding with the test 
Spinal Fluid This ts usually tested without any preliminary preparation or inactivation. 
If over three days old, it may be inactivated 15 minutes to remove thermolabile anticom- 
plementary substances. 

Adjustment of Hemolytic System. Titration of Hemolysin. I. A 2 per cent sheep-cor- 
puscle suspension is prepared. The required amount of preserved sheep’s blood is filtered 
through cotton into a graduated centrifuge tube. Twice as much blood is allowed as the 
amount of cells required The blood is centrifuged at a moderate velocity until it is as- 
certained that all the corpuscles are thrown down. The supernatant fluid is removed with 
a capillary pipet or by suction Three to four volumes saline solution are added and muted 
by inverting the tube The mixture is centrifuged until all the corpuscles are again thrown 
down This process is repeated for the third tunc but centrifugation should be continued 
twice as long as m the first washing us order to pack the cells evenly and firmly. Cells 
should be washed until the supernatant fluid is almost colorless Three tunes are usually 
sufficient, but if more than four washings are necessary, the cells are too fragile for use. 

After the last washing the volume of cells in the graduated centrifuge tube is noted. 
The supernatant fluid ts carefully removed and a 2 per cent suspension is prepared by 
washing the corpuscles into a flask with 49 volumes saline The suspension ss kept in the 
refrigerator when not being used. It » always shaken before use to secure an even sus- 
pension The dose is 0 5 ml of the 2 per cent suspension 

2 For hemolysin and complement titrations a l : 30 dilution of complement is prepared 
by diluting 02 ml complement serum with 5 8 ml cold saline solution Ji is a! ways 
advisable to dilute complement scrum with cold saline solution instead of with saline 
kept at room temperature Undiluted and especially diluted complement serum should 
always be kept in a refrigerator when not in use. 

3 A stock dilution of 1 : 100 hemolysin is prepared as follows. 

Saline solution 94 0 ml 

Fhenol {5 per cent in saline solution) 4 0 ml 

Glycerini zed hemolysin (50 per cent) 2 0 ml 

Thu may be kept in the refrigerator for several months 

4 1 or the hemo!) sin titration a 1 1000 dilution is prepared by mixing 0 5 ml of the 
I 100 stock dilution with 4 5 ml saline solution. In a senes of 10 tubes higher dilutions 
(with thorough mixing) of hemolysin arc prepared as follows 

No 1 — 05 m! hemolj sin (1 : 1000) =1 1000 
No 2 — 05 ml hemolysin (I 1000) +C$ml saline solution = 1 -2000 
No 3 — 05 ml hemolysin (I 1000) + 10ml saline solution = 1 . 3000 

No 4 —05 ml hemolysin (1 . 1000) + 1 5 ml saline solution = 1 4000 

No 5 — 0 5 ml hemol) sin (l : 1000) +20 ml. saline solution = 1 . 5000 

No 6 — 05 ml hemolysin (I : 3000) + 05 ml. saline solution := 1 : 6000 

(transferred from lube No. 3) 

No 7 —05 ml hemol) sin (I 4000) + 0 5 ml. saline solution s= I fcOOO 
(transferred from tube No, 4) 
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No. S.~ 0.5 ml. hemolysin (1 :5000) + 0.5 ml. ral,nc solution = 1 • IQ 000 
(transferred from tube No, 5) * 

No. 9, 0.5 ml. hemolysin (J •* 6000) -f 0.5 ml. saline solution 1 • 12 000 
(transferred from tube No. 6) ’ 

No. 10.— 0 5 ml. hemolysin (1 : 8000) + 0.5 ml. saline solution =1-16,000 

In a senes of 10 tubes the hemolysin titration is set up as shown m the following tablet 
TMe 31 


Hemolysin Titration 


Tube 

Hemolysin 

05 ml 

Complement 
(2:30) (ml.) 

Saline Solu- 
tion (ml.) 

Corpuscltt 

■ (ml) 

J 

1 : 1000 

OJ 

1.7 



1 : 2000 

03 

1.7 

05 


I : 3000 

03 

1.7 

05 


J .• 4000 

03 

1.7 

0 5 


1 :5000 

03 

1.7 

05 

6 

l : 6000 

03 

1.7 

05 


1 :8000 

03 

1.7 

05 


1 : 10,000 

0.3 

17 

05 

9 

1 : 12,000 

03 

17 

0.5 

10 ... 

1 ; 16,000 

03 

1.7 

05 


The contents of each tube are mixed and incubated in the water bath at 33° C. for one 
hour. The unit of hemolysin is read. The unit is the highest dilution of hemolysin that 
gives complete hemolysis 

Two units are used in the complement and antigen titrations and in the complemem- 
fvtation tests. Hemolysin is so diluted that 0.5 ml. contains two units. For example, if 
the unit equals 0.5 ml of 1 : 6000, two units equal 0.5 ml. of 1 : 3000 Just enough 
hemolysin for the complement-titration and the complement-fixauon tests is dituted. 

The fallowing table shows how the dilutions are made so that 0 5 ml, carries two units 

Table 32 


Dilution of Hemolysin 


1 Unit 

0 5 ml 

of- 

2 Until 

Would Be 

0 5 ml of — 

Prepared by Diluting I ml °f 

Stock l 100 with Following 

Amounts o) Saline {ml) 

l : 1000 

1:500 

4 

l . 2000 

1 • 1000 


I 3000 

1 1500 


1 : 5000 

1 :2000 


1 • 5000 

1 :2500 



1 : 3000 



1 ; 4000 


1 : 10,000 

1 :5000 



Hemolysin of high titer is recommended, and the unit should be 0 5 ml of l • 400° 
?.!* 1 »h» h«rr,nTv.ir, titration mav be placed in the water bath at the same ttrr^ 


ment titration, etc. 
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Titration op Complement. Antigen dilution is prepared for the complement-titration 
and the complement-fixation tests. The antigen is diluted according to titer (previously 
determined and stated on antigen bottle) so that the dose employed is contained in 05 ml- 
This dilution is prepared by placing the required amount of saline solution m a flask and 
adding the required antigen drop by drop, shaking the flask after each addition of 
antigen For example, if titer is 1 . 600, 0 1 ml antigen is added to 60 ml. saline. Both 
the undiluted antigen and antigen dilution are always kept at room temperature. 

In a senes of eight test tubes set up, the complement utration is as follows: 

Table 33 


Complement Titration 


- 

Tube 

Cample - I 
men! (ml.) 

a m 

Antigen j 
1 Dose 
(ml) 

Saline | 
Solution i 
(ml.) j 

Water 

Bath 

37 * C 

Hemolytin j 
(ml) 

(2 Units) , 

Corpuscles 1 
<*!/.) 
(2%) 

Water 

Bath 

37* C 

1 

02 

1 05 

J3 


05 

05 i 


2 

0 25 

05 

13 

for 

0.5 

05 | 

for 

3. 

0J 

05 

[ \2 


05 

05 | 


4 

0 35 

1 05 

12 

one 

05 

05 

one 

5 

04 

05 

1 1 


05 

05 i 


6 

0 45 

0.5 

U l 

hour 

0.5 1 

05 | 

hour 

7 

05 

0.5 

1.0 


05 | 

05 j 


8 

I None \ 

None , 

2.5 | 


I None i 

05 1 



The smallest amount of complement just giving complete sparkling hemolysis is the 
"exact unit" The next higher tube is the “full unit” which contains 005 ml more com 
plement. In conducting the antigen-titration and complement fixation tests, two full 
units are employed and so diluted as to be contained in 1 ml as per the following example: 
Exact unit 0 30 ml. 

Full unit 035 ml. 

Dose (two full units) 0 70 ml 

To calculate the dilution to employ so that 1 ml. contains the dose of two full units, 
30 

?0 is divided by the dose ~ = 43 or I ml of 1 : 43 dilution of serum. 

The following table gives additional examples: 

Table 34 

Dilution of Complement 


Fxaet Dili 
(ml) 

full Unit 
<«/) 

Tu,o Full 
Unite (ml ) 

Dilution 
to Use 

Preparation 

0 20 

025 

05 

t -60 

l ml. scrum 59 ml saline 

025 

0 30 

06 

1 50 

1 ml serum 49 ml saline 

0 30 

0 35 

07 

1 

l ml. serum 42 m! saline 

0 35 

0 40 

08 

1 : 37 

I ml. scrum 36 ml saline 

0 40 

0 45 

09 

1 33 

1 ml. serum 32 ml saline 

0 45 

0 50 

1.0 

1 30 

1 ml. serum 29 ml saline 

0 50 

0 55 

1 1 

1 27 

1 ml scrum 26 ml. sahne 


If all tubes show complete hemolysis, 03 ml. is taken as the exact unit, as less comple- 
ment fall* below the absolute minimum and is likely to give incomplete hemolysis and 
prove unsatisfactory 
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M « hod5 - The regnbr qualitative method employs five doses of serum or ' 
spinal fluid and is preferred when conditions permit, especially in testing the sera and 
spinal fluids of patients under treatment for syphilis. 

A three-tube qualitative test may be conducted with two doses of scrum {02 and 0J 
mi./. In the interest of economy, both tests may be conducted by using reagents m one- 
half amounts. This economy applies not only to the amounts of serum or spinal fluid but 
to the amounts of complement, antigen, hemolysin, and sheep cells employed. 

Quantitative Complement-fixation Test. 1. For each serum six test tubes are ar 
ranged and in them are placed the following amounts of saline solution, respectively. 09, 
0.5, 0.5, 0.5, 2.0, and 0.5 ml. To the first tube 0 6 ml. inactivated serum is added The con- 
tents of this tube are mixed and 0.5 ml. is transferred to No 2 and 0 5 ml. to No 6 (con- 
trol tube). The contents of No. 2 are mixed and 0 5 ml. is transferred to No 3. No. 3 
is mixed and 0 5 ml transferred to No. 4. No. 4 is mixed, 0 5 ml. transferred to No 5, and 
2.0 ml discarded after mixing. 

2. For each specimen of spinal fluid six test tubes arc arranged and 0.5 ml saline 
solution is placed in tubes 2, 3, 4, 5, and 6. To Nos 1, 2, and 6 is added 0 5 ml. spinal 
fluid. The contents of tube No, 2 are mixed and 0,5 ml. transferred to No 3, No. 3 is 
mixed and 0 5 ml. transferred to No. 4. No. 4 is mixed and 0 5 ml. transferred to No 5. 
No. 5 is mixed and 0 5 ml. discarded. 

To each of six tubes and to the antigen control is added 0 2 ml. egg albumin (50 
per cent). (This may usually be omitted if pretested complement is used.) 

3. To the first five tubes of each test series (scrum or spinal fluid) 0.5 ml. diluted anti- 
gen carrying the proper dose is added and mixed thoroughly. 

4. The tubes are allowed to stand for 10 to 30 minutes at room temperature If a 
longer interval elapses the racks are placed in the refrigerator. 

5. To all tubes I ml. complement (two full units) is added. 

6. The following controls are included (a) Antigen control containing 0 5 ml diluted 
antigen, 0.5 ml. saline solution, 1 ml complement (two full units), and 02 ml egg 
albumin (50 per cent) if it has been used in the tests. 

(b) Hemolytic system control containing 1 ml. saline solution and 1 ml diluted com- 
.plement (two full units). 

(<r) Corpuscle control containing 2.5 ml saline solution. 

( d ) Controls of positive and negative sera are advisable. 

7. The contents of each tube are mixed by gentle shaking and the tubes placed in c 
refrigerator at 6“ or 8° C. for 15 to 18 hours. 

8. The tubes are placed in water bath at 37* C. for 10 minutes (not longer) f 

9 To all tubes, except the corpuscle control, are added 0.5 ml hemolysm (carrying 
two units) and 0 5 ml. of 2 per cent cell suspension which has been v»e« mixed 

10. The contents of each tube are mixed by gentle but thorough shaking and toe 
tubes placed m water bath at 37" C. The serum, antigen, and hemolytic system control 
Ore watched and IQ minutes after these show complete hemolysis (' ually 

minutes) the tubes are removed and readings made. 

11. Table 35 shows the set-up for the quantitative complement-fixation test wit 

12. Table 36 shows the set-up for the quantitauve complement-fixati n 

Qualitative Tbt. Thrve tube, „e W 
saline solution are placed in each respectively. To tube 1 is add d 1C 

,rr srz'Lrs - — * 

are used as in the quantitative test. 
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Table 35 


QuASTITA-IS E COMPLEMtNT-mATlON TtST WITH SeKUM 





5 1 

Cample- 

o o 

Hetnoly- 

Core,,,. 


Tube 

Serum 

1 Antigen 

c 

(ml) 

Sa £ 

nn 

rlet 


(in 03 ml ) 


o- \ 

£ c 

(ml) (2 

(ml.) 

O 


1 

j (ml) 

i 

Units} 

k-E , 

Units} 

(1%) , 

h 








05 



0 2 ml 







2 

0 1 ml 

' 05 

w 

10 


05 

05 

■s 

3 

0 05 ml. 

05 

« 

10 


05 

05 


4 

5 

1 0 025 ml 
\ 0 005 ml. 

1 05 

1 05 

I 

1.0 1 

1.0 l 


i 05 

05 

05 

05 


6 

0 2 ml (control) 

None , 

£ 

10 


05 

1 05 

s 

C 



0 


- -g 1 

,1 


c 

o 

( Antigen control 

i 



c *** 



2 




* 





-Q 

t 

1 /Hemolytic control 


2 


■§ 2 




r 

\ 1 0 ml saline 

None j 

*c 

10 

S £ 

05 

05 

- 

O 1 

[ JCorpusdc control 




>■2 




I 

II 2 5 ml saline j 

Nont 

l 

None 

S J 
£ 

None 

■ 

0.5 

1 


Table 36 

QUANTirATivt Complement-fixation Ttrr with Spinal Fluid 
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^ htn,0]),Si ’ ! “> «^Pt=m=nt are tinted M j 
. d in the same manner as in the regular methods. The dose of the former (ram 
ing two Ms) « 025 instead of 05 mT. and the dose of the latter (carrying li Si 
itutead o£°05 ml ” 1 ” e ’ d ° f m> ' Thc dax o( 2 P' r ccat “ r P" ll:| e suspension „ 025 

1. For each quantitative scrum test: (n) Six test tubes are arranged and the /bilonttie 
amounts of saline solution arc placed in each respectively: 0 6, 0 3, 03, 0.3, 1.2 and 03 
ml. 

7o ^ { ’ 03 mL SCr um is added. After mixing, 0 3 ml is transferred to tube 2 and 
to tube 6. The contents of tube 2 are mixed and 0.3 ml. is transferred to tube 3, and so 
on to tube 5 from which 3 2 in), are discarded after mixing. 

(c) The test is completed including antigen, hemolytic system, and corpuscle controls 
as shown in the following table. It is advisable to include tests with known positive 
and negative sera as controls 

Table 37 


Quantitative Com pl ement-fi'Catiov Test with Serum — One-half-ouantut Method 




j i 


Com pie- 

1 O n 

Hemoly- 

j Corput- 

Tube ; 

Serum 

Anngen 1 

i 5 

(ml.) . 
(2 Full 
Units) \ 

tSJ , 

I tin 

cits 

( m03 ml.) 

1 

1 MO 

1 G, , 
1 

\ si 

\ (ml) j 
(2Un,ts)\ 

(ml) 

; < 2% > 
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4 The secondary incubation is conducted and the reactions read as described above for 
the regular methods 


Table 38 

Quantitative Complement-fixation Test with Spinal Fluid— Ove-iialf-quantity Method 


Tube 

Spinal Fluid (in 0 25 ml 
volume ) 

li 

taa V 

li? 

£ 

0 - 

£ 

c Ti 

eX 
f ! 

— <J 

U « 

• ■£ 

E, 

5 "S' 

S, 5 
■S ta 

£ 

£ 

<3 

water bath at 37* C 

1 

0 25 ml 

0 1 

0 25 

E 

05 


0 25 

0 25 


2 

0 125 ml 

01 

0 25 


05 


0 25 

0 25 


3 

0 0625 ml- 

0 1 

0.25 

O 

05 

s 

0 25 

0.25 


4 

0 03125 ml 

01 

0 25 


0.5 


0 25 

0 25 

a 

5 

0 015625 ml 

01 

0 25 


05 


0 25 

0 25 

S 

6 

C 

0 25 ml (control) 

( 

0.1 

None 

E 

05 

£• 2 
go 

0 25 

0 25 

£ 

•v 

o 

l Antigen control 



to 





8 

n 

1 0 5 ml saline 

01 

0 25 

a 

05 


0 25 

0 25 

£ 

t 

/ Hemolytic control: 



2 


C H 




r 

\ 0 5 ml saline 

None 

None 

'o 

05 

2 J5 

0 25 

0 25 


o 

1 Corpuscle control 



■« 


= 00 




1 

I 1 25 ml. saline 

None 

None 


None 

* 2 

None 

0 25 

w 

* 

\ 



.2 


S 



s 


•Cm usually be omitted if pretested complement is employed 


Reactions and Interpretation. All serum, spinal fluid, antigen, and hemolytic controls 
should show complete hemolysis. The corpuscle controls should show po hemolysis. The 
reactions should be recorded for each tube of complement fixauon tests as: + + + + 
(4),+ + + (3),++ (2), + (1). — ■ 

Reactions — Quantitative Tests. The reactions in the quantitative or stx-tubc tests 
with serum or spinal fluid may be interpreted as follows 

1 Very strongly positive when complete fixauon occurs in any of the first three, four, 

or five tubes, like 344 , 444 , 4442 — , 4443 — , 44444 

2 Strongly positive when complete fixation (+ + + +) occurs in the second tube, like 

4431 — 442 , 342 ,or 44 . 

3 Moderately positive when complete fixauon (+ + ++) occurs in the first tube only, 

like 431 ,42 , or 4 . 

4 Weakly positive when partial fixauon occurs in one or more tubes, like 321 — , 

21 , or 1 . 

5 Doubt /id when the reaction is ± in the first tube, like ± . 

6 Negative when there is complete hemolysis m all tubes, . 

Otherwise the results may be reported m Kolmcr units in which the potency of any 

scrum or spinal fluid is determined according to the formula S=4D as used in the 
Kahn quantitative serum test, where S is the scrum or spinal fluid potency in terms of 
units and D is the highest dilution giving a posmse four-plus (4- + + + ). thrceplus 
( + ++)» tsso-plus (+ + ), or one plus (+) reaction. 

If a serum gives a + + ++, + + +» ++, or + reaction in the first tube only and the 
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lh j " ma j niri S tubes, the serum is considered as contain,™ 
kolrner units as indicated by the pfoj signs (4 units, 3 units, 2 units, or 1 unit J. 
spectivcly). if a reaction of any degree occurs in the second tube (D = 2) and no reac- 
tion m the remaining tubes, the scrum is considered as containing eight Kolrner units- jf 
a reaction of any degree occurs in the third tube (D = 4) and none in the last tube, & j, 
considered as containing 16 Kolrner units; si a reaction of any degree occurs in the 
fourth tube (D = 8) and there is no reaction in the last tube, it « considered as con- 
taining 32 Kolrner units; if a reaction of any degree occurs jn the fifth tube (D = 40) it 
is considered as containing 160 or more Kolrner units. In this latter case suU higher 
dilutions of scrum maybe tested if desired. 

If a spinal fluid gives a +4-++» 4- + +. ++, or -f reaction in the first tube only 
and none in the remaining tubes, it is considered as containing Kolrner units a* indi- 
cated by the plus signs (4 units, 3 units, 2 units, or 1 unu, respectively). If any degree of 
reaction occurs in the second tube (D = 2) and none in the remaining tubes, it is con- 
sidered as containing eight Kolrner units; if a reaction of any degree occurs in thr tWrf 

tube (D =5 4) and n** «* *•- ' 

if a reaction of any < 
to contain 32 umts; 

containing 64 or mo . ., u .,i< kl wms. iji uhs tatter case still higher dilutions of spinal 
fluid may be tested if desired. 

Weakly anticomplememary reaction may be safely reported as follows: 4441 — 2 = 

positive; 441 1 = positive; 441- :fc = positive: 32-— — - — :£ =: positive; 

441 —3 “ doubtful; 32 — • — > — 1 ^ doubtful; 21 — rir n doubtful; 

1 — * ± ~ doubtful; 1 — :t — negative; 1 1 = negative; 

2- — 1 5= negative; 7- 7 ~ negative. 

Reactions — Qualitative Test. The reaction in the three-tube qualitative test may be 
interpreted as follows 

1. Strongly positive when complete fixation (+ + ++) occurs in the second tube, 
like 44 or 54 

2. Moderately positive when complete fixation ( + + ++) occurs in the first tube only, 
like 42 or 41. 

3. Weakly pontine when partial fixation occurs in one or both tubes, like 31, 21, 3—, 

1 — , or 1 — . 

4. Doubtjul when the reaction is rfc in the first tube, like dr — . 

5. Negative when there is complete hemolysis in both tubes, ■ 

Analysis of Difficulties: Difficulties Due to Complement. When difficulties arc ex- 
perienced they are usually first ascribed to defective hemolysin or antigen, but since 
both of these keep very well they are rarely responsible. In some cases difficulues are 
due to the use of complement too low m hemolytic activity and particularly in the case o 
preserved complement. This is especially likely to be the case during the hot months a 
the year and likewise when the sera of underweight or pregnant guinea pigs are used, 
as well as of animals previously employed in inoculation tests. Under these con itiwi 
anticomplementary reactions may occur with incomplete hemolysis of X e an g , > 
serum, and spinal-fluid controls. When the unit of complement is more than ns. 
of 1 : 30 dilution in the regular tests it should not he used. f 

Furthermore, although the complement may be satisfactory from the standpoint 
hemolytic activity, rt may be deieeme because tt “^*“*£,71 
called the occult anticomplementary effects of antigen, ser > P antigen while 
these circumstances inhibition of hemolysis occurs in those dangn 

the antigen, scrum, and sp.nal-Suid -control, show complete hemol JW cauMig of g e 
of reporting falsely positive or nonspecific reactions. W hen pretested “ P fie 

pooled complement of a large number of guinea pigs ts employed false or 
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reactions are exceptional occurrences However, since they may happen in quantitative 
and qualitative spinal-fluid tests, it is recommended that egg albumin be used routinely in 
the conduct of these tests, especially if pretested complement is not being used. 
Difficulties Due to Prozone Reactions Prozone reactions may occur in quantitative 

tests with sera, giving reactions like 23-1, with complete hemolysis of the serum 

control, but sometimes with incomplete hemolysis of the antigen control They occur 
quite infrequently when pretested or pooled complement is being used They may be 
prevented by the use of 50 per cent egg albumin 
Difficulties Due to Hemolysin As previously stated, defective hemolysin is usually 
first suspected but is usually least likely to be the cause of difficulty, especially if the 
hemolysin has been previously found satisfactory The unit of anti sheep hemolysin in 
the regular tests should be not greater than 0.5 ml. of 1 : 4000 and hemolysins of this and 
higher strength are so easy to prepare that it is a mistake to use weaker products If the 
saline solution and complement are satisfactory, a good hemolysin is rarely responsible 
even when shipped over long distances or kept in a refrigerator over months or even 
years of time. 

Difficulties Dle to Corpuscles When blood is obtained hom an abattoir, one is 
almost certain sooner or later to encounter the corpuscles of occasional animals possessing 
increased resistance to serum hemolysis. The cause of this phenomenon is unknown, but 
fortunately it is rare The remedy is to discard the corpuscles and secure a fresh supply of 
blood When the corpuscles of preserved blood tend to become too fragile, it is ad- 
visable to use 09 per cent saline instead of the usual 085 per cent in the conduct of the 
tests 

Difficulties Due to Anticen Provided no mistakes have occurred in dilution and 
dosage, antigen is very rarely the cause of trouble When the antigen control shows in- 
complete hemolysis, it is almost surely due to some component of the hemolytic system, 
especially complement supersensitive to antigen, in which case egg albumin may be used 
Difficulties Due to Anticomplementary Sera and Spinal Fluids. Sera and spinal 
fluid may be found to be anticomplementary, as shown by incomplete hemolysis of the 
controls After experience has been gained, some of these reactions may be safely read, 
as staled, but as a general rule it is much safer and wiser to repeat the tests with fresh 
serum or spinal fluid, especially if the technician lacks experience in complement fixation 
work It is inlimtely better to repeat the test lhan to run the slightest chance of error, 
especially the regrettable error of reporting a false positive reaction. Sometimes the 
majority of sera or spinal fluids of a day's work show incomplete hemolysis of the 
controls, but this trouble is not due to anticomplementary effects on the part. of the sera 
or fluids but rather to the use of a defective supersensitive complement Under these 
conditions the tests may have to be repeated, and for this reason the unused portion of 
the sera and of spinal fluids should always be kept tn the refrigerator until the test ts 
completed m case repetitions are required In case difficulties arc due to the thermostable 
anrtcomplemenury substances in sera, the sera can usually be satisfactorily tested after 
preparation by Sach's method including use of egg albumin. 

Cardiolipin Anticens in Sfrodmgnostic Tests for Syphilis 
The production of standard hpoidal antigens for the various serologic diagnos- 
tic tests for s>phi!is has been a difficult problem. Even though the directions as 
described by the respective authors are exactly followed under carefully controlled 
conditions, it is not always possible to produce antigens of constant reactivity. The 
isolation by Pangborn of cardiolipin which she identifies as the substance "essen- 
tial for the reactivity of beef heart antigens in the serologic tests for syphilis'' has 
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TOd V pm f } ? C ° r ,c P m rcprodudblc antigens which may he mere easily ail- 
justed to a desired level of sensitivity. A great deal of work has fet to he done 
before a complete evaluation of tests employing cardioiipin antigens can be forum- 
, atct ' , ******* knowledge is revived in the following paragraphs by Pangbom 

(personal communication, 1946). 


The isolation from beef heart of the phospholipid to which the name "cardiofipin" 
has been given was first reported in and the details of improved methods for m 
preparation were subsequently described (Rmgborn, 1941-1947). This substance is an es- 
sentia! component of the tissue-extract antigens which have been widely used w the 
Serodiagnosts of syphilis. Antigens prepared with pure cardioiipin compare very favorably 
with the crude and difficultly reproducible extract antigens. 

Cardiofiprn is apparently not serologically active alone, but requires the admixture of 
purified lecithin, which by itself manifests no serologic activity. No explanation of this 
combined effect of the mo phospholipids is as yet available. The addition of cholesterol 
increases the reactivity of the mixture. These general considerations apply both to 
complement-fixation and flocculation procedures. The proper adjustment of cardioiipin 
antigens for a particular serologic technic requires determination of optimal proportion 
of cardioiipin, lecithin, and cholesterol in the mixture (Harris and Portnoy, 19+1; 
Maltaner and Maltancr, 19+5. 19+6, Rem and Bossak, 1946; Kline, 1946, 1947; Harris, 1946; 
Brown, 1946, 1947, Kahn, 1946). Standardization of successive fats of antigen is then un- 
necessary, since the ingredients are essentially pure and different preparations do not vary 
sippificantlv in chemical and serologic properties. The availability of an essentially pure 
antigen should facilitate the more uniform standardization of die various serologic tests 
for syphilis. 

Preliminary data on the constitution of cardioiipin have been reported (Pangborn, 
19+6); the substance is best described as a complex phosphatidic acid. It contains no 
mtrogen. In tissue extracts it occurs tn the form of neutral salts, probably of sodium 
or potassium. Processes for 14 isolation and purification are based on the formation of 
Jess soluble salts, such as those of barium or cadmium, which can readily be precipitated 
from tissue ex reacts leaving the bulk of (he impurities in solution. These salts may then 
be purified by repeated precipitation from various organic solvents and the purified 
material finally reconverted to the alcohol-soluble sodium salt, which is conveniently 
used in preparing antigen mixtures. The degree of purity attainable is surprising^ 3 
for this type of compound, as fudged by constancy of properties on repeated purification 
and the case with which identical products can be obtained in succewve preparation? 
Although cardioiipin is highly unsaturated, having an iodine number <1 about 125, n » 
stable in alcoholic solution and samples have been kept for periods up to wo and a nau 
years with no detectable alteration. 


TESTS EMPLOYING CARPlMJPlN M^TICT-It 

The reactivity of tests employing antigens composer! of different combinations 
of cardtoKpm, Iccthtn, and cholesterol ts being extensively studttd » 3 

of different serologic procedures. A si.de test etnpioytug cartMtpm aWP* 

formula for a cardioiipin antigen winch may he wed in the kolmer c 1^ 
fixation test for syphilis, both formulated at the Venereal ta* " 
wry, u. S. Marine Hospital, Staten Island, M Y, **£■-£ ^ mus , 
pages. Final Revaluation of these procedures has not i be P A 

await statistical analysts of results to be accumulated dnrtng a longer pe 
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V.D.R.L. Slide Test 

Glassware and Apparatus. The following glassware and apparatus are needed for the 
performance of the cardiolipin slide test 

1 Pipets. 5-inl , graduated in 0 1 ml to tip 

1-ml., graduated in 0 01 ml to tip 

2 Glass slides (2X3 inches) with 12 paraffin rings of approximately 15 mm. inside 
diameter as described by Kline (1932) 

3 Hand or automatic elec trie-type ringmakers 

4 Slide holders Any convenient type holding from one to four slides 

5 Round bottles of 30-ml capacity with glass or screw-cap stoppers 

6 One- or 2-ml syringe with 23-gauge, long bevel hypodermic needle 

7 Serum tube racks 

8 . Serum tubes Any convenient size to fit the tube racks. 

9 Water bath (56* C ) 

10 Standard-tjpc centrifuge 

1 1 Microscope 

12 Boerner type rotator (optional) 

Method of Cleaning Glassware. All glassware should be chemically clean Serum tubes 
and pipets are rinsed with tap water, washed thoroughly with a detergent such as 
Onus, thoroughly rinsed, allowed to stand overnight in cleaning solution, and then 
rinsed five times in tap water and three times in distilled water, and dried in a drying 
oven 

New glass slides (2x3 inches) arc cleaned with Bon Ami which is removed with 
a soft cloth after drying Previously used slides are first freed of paraffin, washed with 
soap, rinsed free of soap, and then treated like the new slides 
Reagents: Anticen Antigen for this test contains 003 per cent cardiolipin, approxi- 
mately 027 per cent purified lecithin, and 09 per cent cholesterol in absolute alcohol 
These percentages of cardiolipin and lecithin are gravimetric equivalents calculated from 
chemical assays, but each lot of cardiolipin must be serologically standardized by proper 
comparison with an antigen of known reactivity 
Antigen is dispensed in screw-cap (tinfoil or vinylitc lined) bottles and stored m the 
dark ” The components of this antigen remain in solution at usual room temperatures, 
so any precipitate noted will indicate changes due to other factors such as evapora- 
tion or foreign materials contributed by pipets. Antigen containing precipitate should be 
discarded 

Sebum Clear serum, obtained by centrifuging whole clotted blood, is heated at 56* C 
for 30 minutes before being tested All sera arc examined when removed from the water 
bath and those found to contain particulate debris are rcccntrifugcd Serums to be tested 
more than four hours after being heated should be reheated at 56* C for 10 minute*. 
Saline buffered saline containing 1 per cent sodium chloride is prepared as follows: 


formaldehyde, neutral, reagent grade . 0 50 ml 

Secondary sodium phosphare (N'aeHPOt, 12HaO) 0093 Gm 

Primary potassium phosphate (KH;I*Oi) 017 Gm. 

Sodium chloride, ACS . 1000 Gm 

Distilled water 100000 ml 


Preparation and Preliminary Testing of Antigen Emulsion PurrAHAnoN or Antic tv 
Emulsion To the bottom of a 30-ml., round, glass- or screw -cap-stoppered bottle pipet 
04 ml of buffered saline solution. From the lower portion of a 1-ml pipet (graduated 
to the lip) add 0.5 ml antigen, drop b) drop (rapidly without long interval between 
drops), directly onto the saline while continuously rotating the bottle on a flat surface 
The last drop of antigen is blown from (he pipet without touching it to the saline and 



334 


BACTERIOLOGY 


rotation is continued for 10 more seconds. Then 4 1 ml buffered sa li„e are added from 
? S ' m , L , plpet > ,op ,s P laccd “ bottle, and the bottle shaken vigorously 
■quid from top to bottom of bottle) for approximately 10 seconds Antigen emulsion 
is then ready for use and may be used during one day. The amount (5 0 ml.) is wSuiw 
for approximately 250 serum tests. 

Testing Antigen Emulsion D wm Needle. The number of antigen particles per 
microscopic field is determined by the size of the drop of antigen emulsion used. For 
this reason the needle used each day should be checked 
Antigen emulsion is dispensed from a 23-gauge, long-bevel hypodermic needle at- 
tached to a I- or 2-ml. syringe which is allowed to stand in the antigen-emulsion bottle 
when not in use. Approximately 60 drops should be obtained from 1 in], of antigen emul- 
sion. This can be accomplished by holding the syringe so that the needle bevel is down 
and the dropping surface horizontal. Increasing the angle at which the syringe is held 
diminishes the dropping surface and consequently decreases the size of the drop When 
allowed to stand, antigen emulsion should be gently mixed before use by rotating the 
bottle and filling and emptying the syringe. 

Pseliwnaby Testing op Antigen Emulsion Each preparation of an antigen emulsion 
should first be examined by testing known positive and negative sera. This is ac- 
complished by adding one drop of antigen emulsion to 005 ml, of each strum ar.d 
completing the test as described under “Qualitative Serum Test.'" These tests should 
present typically positive and negative results, respectively, and the number of antigen 
particles per microscopic field should be optimum 
Qualitative Serum Test; Test Procedure, J. Into one ring of a paraffin-ringed glass 
slide pipet 0 05 ml heated serum 

2. Add one drop (approximately %o ml.) antigen emulsion to each serum 
3 Rotate the slides for four minutes. (If rotated by hand on a flat surface, thi* 
movement should roughly circumscribe a 2-inch circle 120 times a minute. The 
Botrner-type rotator set at 180 r.p m may also be used for this test.) 

A Reactions are read immediately after rotation. 

Reading and Reporting Ttsr Results Tests are read microscopically, with low power 
objective, at 100 X magnification The antigen particles appear as short-rod forms at this 
magnitude* Aggregation of these particles into large or small clumps is interpreted as 
indicating the degree of positivity. 

Reading Report 


No clumping or 

very slight roughness 
Small clumps 
Medium and large clumps 


Negative (N) 

Weakly positive (W.P ) 

Positive (P) 

Proper reading and interpretation of the results require that the technician J&j 
training and experience in each technic employed, but rough equivalents may e 
for describing similarities between the reading of this and other >hde to , 3J 

positive range of reaction in this test includes dumpings similar to those tepon* 
plus-minus or one plus and the positive range those reported as cw ?P' US ’^, P n0l 
or four plus in other slide tests However, * is recommended that nese numerals 
be used for reporting results of this test. - 7CC ( bv ir- 

Zonal reactions, due to an excess o£ reactive serum componem, sue «»® £ 

regular dumping and the loosely bound appearance of the c (imp experience 

acuon is characterized by large and small clumps of 3ir y xm> ° . I 0 ,,.[ picture 

will allow different, anon to be made b=»ecn this >** * «“* ” d J« partite 
wherein large and/or small clumps may be intermingl * ^ u diluted 

Whenever a zonal-type reaction is suspected the sc u <1 0 4 ml „tae m 

1 :S and 1 1 25 and retested. Dilutions may be prepared by placing 
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each of two test tubes, adding 01 ml heated serum to lube 1, mixing well, and trans- 
ferring 0.1 ml to tube 2. The maximum reaction produced by either of these dilutions, 
if greater than that obtained with undiluted serum, is reported as the result of the test 
Quantitative Serum Test. Quantitative tests arc performed on serially diluted serum in 
saline, each dilution of which is treated as an individual serum and tested as described 
under the “Qualitative Serum Test" Freshly prepared 0.9 per cent saline is used for these 
dilutions. Serum dilutions are prepared by placing 0 5 ml saline in each of six or more 
tubes; 05 ml. heated serum is added to tube 1, mixed well, and 0 5 ml. transferred to 
tube 2. This operation u continued until the sixth tube contains 1 ml Dilutions of 1:2, 
1 : 4, 1 : 8, 1 16, etc , are thus obtained 

Each serum dilution is tested and the greatest dilution yielding a positive (not tvcakjy 
positive ) reaction is reported as the reactivity end point in accordance with the follow- 
ing example* 

Scrum Dilutions Report 


1 : 2 

1 :4 

1-8 

1 16 

1 32 

1 : 64 


P 

P 

P 

WP 

N 

N 

Positive, 1 : 8 dilution 

P 

WP 

N 

N 

N 

N 

Positive, 1 : 2 dilution 

WP 

N 

N 

N 

N 

N 

•Positive, undiluted only 


•Positive reaction obtained with undiluted serum 


If other quantitative patterns are desired, serum dilutions of l 5, 1 10, 1 20, etc, 
may be prepared, tested, and reported as above. 

Cardioltptn Antigen in the Kolmer Complement-fixation Test 
An antigen composed of 0 03 per cent cardiotipm, 0 05 per cent lecithin, and 0 3 per 
cent cholesterol in absolute alcohol may be substituted for Kolmer antigen in the Kolmer 
complement-fixation test for syphilis The antigen is diluted 1 150 in saline and used in 
the test in exactly the same manner as Kolmer antigen Cardiohpin antigen has been 
found to possess a minimal degree of nonspecific fixability (Harris, Portnoy, 1944) and it 
is probably not necessary to pretest complement to be used with it 

Interpretation 

The incidence of positive reactions in the different stages of syphilis varies ac- 
cording to the sensitivity of the tests employed. The relative frequency of nega- 
tive reactions in early primary syphilis must be kept in mind, and darkfield 
examinations should be utilized for diagnosis Most patients show a positive sero- 
logic reaction within a month after the appearance of the chancre. The proportion 
of positive reactions to be expected in the other stages of syphilis is summarized: 


Secondary syphilis 

100% 

Tertiary syphilis 

60— 75% 

Congenital syphilis 

90-100% 

Cerebrospinal syphilis 

R0— 95% 

Paresis 

90—100% 

Tabes dorsalis 

50— 75% 


A positive serologic reaction may be obtained in the cerebrospinal fluid of pa- 
tients whose blood gives doubtful or even negative reactions A positive reaction 
may be obtained in the spinal fluid of patients with syphilis who show no clinical 
evidence of disease of the central nervous system. An examination of the spinal 
fluid should, therefore, be made in every patient having syphilis before treatment 
is terminated. 
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The various accepted serologic tests for syphilis arc reran, tabiy sensitive and 
specific, but it ts a well-known fact that false positive reactions do occur, These 
may he classified as either technical or biologic. 

Technical false positives may occur in any laboratory. The frequency of their 
occurrence is usually inversely proportional to the care exercised in the per- 
forma nee of the tests and rigid adherence to the prescribed technic. A single de- 
termination should never he considered as sufficient evidence lor diagnosis. Re- 
peated examinations should he made in the same or in another laboratory, and 
more than one type of test should be performed on the second specimen. 

Positive serologic reactions arc obtained in a large proportion ol patients with 
yaus and pints and arc of great diagnostic value, but arc of no assistance in 
differentiating between these three diseases. 


Biologic false positives arc associated with other diseases, such as leprosy, 
malaria, upper respiratory infections, infectious mononucleosis, and any febrile 
infection or immunization process. Many false positives are transitory in nature 
and become negative as the disease subsides and the patient improves. Quantita- 
tive determinations showing a progressive decrease in titer without treatment arc 
strongly suggestive of false positive reactions. Retesting repeatedly at intervals 
of from ID days to 3 weeks ts at present the most practical method of studying 
reactions thought to he due to diseases other than syphilis. In the absence of 
significant history, clinical findings, or sjmptoms, it is well to wait for three to 
six months before making a final diagnosis. The majority of sera with false positive 
reactions become negative within three or four months. However, some individuals 
have been known to give such reactions for several years with no apparent cause. 

It should also be recognized that false negative reactions may occur. A negative 
reaction is never more than presumptive evidence against the existence of syphilis- 
Final interpretation of the result, whether positive or negative, rests with t e 
clinician and always requires consideration of the history and clinical findings ,n 


each individual case. 

A syphilitic mother who has been treated during pregnancy but whose serologic 
reaction remains positive may give birth to a healthy uninfected infant whose 
blood yields a positive serologic reaction. In such eases the titer of the serum 2 5 
progressively and usually becomes negative within two months, Tresumaby t ere 
has been a passive transfer of reagin from the mother. If the tite^ mcreases or 31* 
to fall, if it remains positive after two months of age, or if there ^re chmea man 
fcsrations of the disease, the reaction must be regarded as diagr,. stic an trea m 


instituted promptly. ... £ . , rr 3 t- 

The significance of a reaction which remains positive m spue of in 
men, is no, yet enttrely clear. In many rases this is associate! wtth 
particularly of the centra) nervous system, the aorta, ot the vixo* ,*•£ ^ £ 
an indication for an exhaustive examination. In other case, 
found, and in them it does no, necessarily convey an unfavorable prognosis 
dicate the need for more than the usual fell course of treatment. 
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Preparation of Media and Reagents 


Satisfactory media, reliably prepared, are essential to the maintenance of a good labora- 
tory About one half of the personnel time will be devoted to the making of media and 
the care of equipment. 


Preparation of Glassware 

All glassware coming from the laboratory, except syringes and pipets, should be placed 
in buckets, cans, or other suitable containers and autoclaved or boiled before handtmg 
Used syringes and pipets can be put in cylinders or jars of cresol solution and then 
washed thoroughly in water Particulate material is scraped from the glassware after 
autoclaving Some articles can be cleaned immediately with soap, rinsed in tap water 
followed by distilled water, and dried in the air Other pieces require more strenuous 
treatment, such as boiling in a detergent solution or soaktng overnight m a cleaning mix- 
ture (p 361), before washing Pipets, after the plugs base been withdrawn, should be 
soaked in cleaning solution and rinsed thoroughly in water Syringes must be cleaned 
meticulously and dried completely before packaging Needles are best cleaned by forcing 
through them successively, water, alcohol, and ether. The outside surfaces can be 
polished with a mild abrasive and the points should be sharpened on a whetstone. Glass- 
ware that docs not dry well in the open air can be placed in the hot-air oven for a short 
period, this is especially desirable for pipets, syringes, and small flasks. 

Bcrkefcld filters are scrubbed with a brush, after being disinfected in weak cresol solu- 
tion, and arc rinsed by forcing water through in the reverse direction from that used to 
filter They can then be boiled in a mild carbonate solution and rinsed again before 
packaging. Filters should not be healed (autoclascd) before they are cleaned, Seitz 
filters arc disassembled, the pads discarded, and the filter washed thoroughly in cresol 
before rinsing and autoclaving 

Sterilization. Clean glassware must be packaged and sterilized, usually in the autoclave 
at 15 pounds pressure for 15 minutes The dry oven is also satisfactory when employed at 
a temperature of ICO* C for 90 minutes Packaging is done m such a manner as to assure 
continued sterility Tipets arc plugged with nonabsorbent cotton and wrapped indi- 
vidually in tissue paper or packaged without wrapping m metal pipet boxes Petri dishes 
are wrapped in heavy paper, singly, in pairs, or in groups of fwe. The tops of beakers and 
flasks can be covered with paper winch is secured with string. Culture tubes and small 
flasks are best plugged with nonabsorbent cotton Syringes should be put up indi- 
vidually, cither in cloth or paper wrappers or in large test tubes, syringes should always 
be autoclaved and packaged with the barrels removed from the jackets, and the num- 
bers on barrel and jacket must correspond Needles can be placed in the same packages 
with the syringes or handled separately in plugged serologic lubes In the latter instance 
a generous plug of cotton should be placed in the bottom of each lube us order to protect 
the needle points. 

Thorough familiarity with the autoclave and other items of equipment is essential for 
the laboratory worker. An excellent manual, SlfnhzJtion, by W. II. Underwood, can be 
obtained from the American Sterilizer Company of Enc, Fa Effective sterilization in 
337 
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the autoclave depends upon the temperature obtained, and not directly upon die pres- 
sure. The pressure-temperature relations shown in the table apply only if the sterilizer 
clumber is freed and kept free of air during the period in which steam enters die 
chamber. This can be accomplished by keeping the chamber drain valve slightly but 
continuously open. If air remains in the chamber, the temperature actually attained is 
much lower than that indicated, and sterilization will be entirely ineffective. 


Table 39 

PRI SUiRf -YfMPtRATURE RtLATlOV* I OR THE AUTOCLAVE 


Pottttdt j 

| Temp. C. j 

Taunt 

1 

102 i* 

7 

2 i 

mi 

8 

I 

105 7 

9 

4 

107 3 

10 

■5 

JOSS 

11 

6 

1103 

12 


Temp. C. 

Pounds 

Temp. C. 

Pounds 

Temp C 

Ml 7° 

13 

1 19.1* 

20 

1262*" 

113 

H 

1202 

22 

1281 

M43 

15 

1213 

24 

J29J 

1156 

16 

12 2 A 

26 

1315 

1 (6 8 

17 

323 3 

28 

1331 

1 18 

18 

123 3 

30 

134 6 


The Arnold Sterilizer and special impmators arc unnecessary. An autoclave or steam- 
pressure sterilizer equipped with a thermometer and an air outlet near the o 
serves the same purposes. 

Preparation of Media 

Media arc subttances used for the cult, vatic., of bacteria and related organism, ;Jtn 
are adapted tc meet the peculiar growth requ.teit.ems of the mdivutal ' dlJ 

prepared tn se.eral phystes! states-solids, tem.tcl.dt, and hqu d ™e »' d » d» t ^ 
tain gels, aueh as agar or gelatin, or tngredteotswh.eh cojSjAuc i he ^ 

egg albumen and serum The constituents of media serve such “ < ' 6' s „, < () 

substances for bacterial gro.vth (carbohydrates, " A l oms an d (d) organic 

indicators, (c) dyes and other subsumes tvh.cb inhibit »»<>e»mf ^ 

and inorganic salts necessary for growth, for the demonsoa o 

for the maintenance of a constant pH. / ' , . , , uc k companies ss the 

D.fco^I^ifoara tone^of^ Detro.^Mieh!^ and th^Bafomore Blcfogtea^ J^boratory^ of ^Bain- 

evcnforlargelaborator.es Many are ntentton^ mltoala^. ^ Mos , compels 

Several procedures are applicable to malapr pa jn su( . h , manntt a* » 

must be cooked or heated to effect soh.t , on fl.., mu « 100 . c can he 

avoid under, ruble changes tn the mpcd.cn ts Temp a ffl the »«>«*« 
obtained by heating over water (double bo, let * “ mcda „, th , boding P°» 

w.thout pressure. Higher temperatures on W obtamc^ ^ ^ £OD „aotly to 
above that of water, by heating d.rec !y double boiler also results >n 

burning. The add, Men of sabs to the watery double ^ ^ pressure and 

Temperatures to be expected wtth 1 «»!“ 

Often, it, S necessary to clarify media at .Stand nSm dually. As a W 

T^alSsi: '^[^£i d zvz%^ £ “5 £ 
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media and the addition of egg albumen will often clarify hot solutions by the formation 
of a coagulum 

Reaction of Media. Adjustment of the pH of a medium js frequently necessary and is 
best done colonmetncally Sealed colorimetric standards purchased from supply 
houses are more accurate and stable than those prepared m the laboratory. However, 
Table 4! is included for those desiring to prepare their own, it is only necessary to make 
the phosphate hydroxide mixtures and add 10 drops of indicator to each 10 ml of 
buffer. Tabic 40 gives the pH range for various common indicators as well as the de- 
sirable concentration for stock solution Phenol red and bromthymo! blue arc most use- 
ful 

To make stock solutions of indicators, 01 Gm. indicator is weighed and ground, pref- 
erably in an agate mortar, with the volume of N/20 sodium hydroxide given in Table 
40 When solution is complete, water is added to make a total volume of 25 ml 

For use the solution is diluted as noted in Table 41. 

For the actual adjustment of media, a 2-ml sample of the medium is placed in a tube 
the same size as that containing the standards. This is diluted to 10 ml. and 10 drops of 
indicator are added, the tubes are then placed in a comparator block. The usual adjust- 
ment necessary for media will be that of increasing the alkalinity and this is done by 
adding N/20 NaOH until the desired pH is attained (N/20 NaOH is 2 Gm. per liter) 
From the amount necessary to make the correction on 2 ml. of media, it can be calcu 
lated how much N/l NaOH must be added to the entire lot. 

Table 40 


Indicators. Thu* pH Rance, the Volume of N/20 NaOH Necessary to Efkect the 
Solution ok 0 I Gm , and the Amount oi Water Used to Dilute the Indicator for Use 


Indicator 

Ml. of N/20 
NaOH 

Ten Solution 
IJ)nil Indicator 
Pint ml. H>0’ 

pH Range 

liromcresol purple 

37 

9 

5 2 to 6 8 

llromlhjmol blue 

1 1 1 

9 

60 to 76 

Phenol red 


19 ; 

6 8 to 8 4 

Gresnl red 

5 3 | 

19 | 

7.2 to 8 8 


"dumber of ml of IIjO to he added to I 0 ml of indicaior to make ihe le«i solution. 


Table 41 


Graded Mixtures of KHjPOa— NaOH 


pH 

Ml o/M/SKH;PO t 

Ml of M/5 NaOH j 

Dilute to 

58 

50 

3 72 

200 ml 

60 

50 

5 70 

200 ml 

62 

50 

8 60 

200 ml 

1.4 

50 

12 60 

200 ml 

66 

50 

17 80 

200 ml 

f.R 

50 

23 65 

200 ml 

70 

50 

29 63 

200 ml 

7.2 

50 

35 00 

200 ml 

74 

50 

39 50 

200 ml 

76 

50 

42 SO 

200 ml 

7 8 

50 

45.20 

200 ml 

80 

50 

46 VJ 

I 200 ml 
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Diagram op Comparator Block 


Water 


f Solution Ac 

! Indicator 

1 





Standard & 
Indicator 


Solution & 1 

No Indicator I 


Sterilisation and Storage. Media are sterilized by heat or by filtration. Whene'er 
possible the autoclave should be used but occasionally certain substances will not stand 
the heat attained with steam under pressure , It is then necessary to use lower tempera- 
tures for a greater period of time. Fractional sterilization is often valuable, exposing the 
substance to moderate heat for 20 tninutes on three consecutive days. The method to he 
used will be stated for each individual medium, and it will be seen that 15 or 20 
minutes at 15 pounds autoclave pressure is the common rule. It is a good policy to avoid 
as much contamination as possible during the preparation of media even though thorough 
sterilization will minimize the effect of sloppy technic. 

Media are best prepared frequently in small amounts so that the periods of storage are 
kept to a minimum. “When large amounts are to be kept on hand they should be stop- 
pered so as to prevent evaporation and usually kept in an icebox or cold room. 

Finished media should be checked for sterility by incubating a representative sample 
overnight and examining it for ' growth . This is especially important for mixtures con- 
taining ingredients which have not been autoclaved, such as blood agar plates. 

Preparation of Media for Neutralization of Bacteriostatic Drugs. Drugs, given a 
patient therapeutically, may interfere with the efforts of the laboratory. This may be 
minimized when it is known that a given fluid contains bacteriostatic drugs. Sulfona- 
mides can be neutralized by the addition of 5 mg. per cent of para-amino-benzoic acid 
to the medium A solution of the acid can be made up aseptically in such a concentration 
that this amount can be added when indicated Penicillin can be neutralized by the a * 
dition of ocnicillmase (prepared by the Schenley Laboratories, New York). Ten uiu« 

, - * • • " i — r.j- ViAfornnocviU- 


Formulas for Individual Media 

Meat Extract Broth (Basic Broth Medium): Use. This is a satisfactory broth for 
general laboratory purposes. It will support the growth of many common pathogens 
broth can be modified to make special-purpose media of a number of tyj>cs. 

Ingredients: 


Beef extract 

Tryptose (or proteose peptone #3) 
Sodium chloride 
Dextrose 
Distilled water 


3 Gm. 
20 Gm. 
5 Gm. 
1 Cm. 
1000 ml. 


Preparation The ingredients ate comb.naland ”P 

adjusted to 7.4 to 7 5 and the preparation boiled for three ” , 5 (or 

to volume, filtered through paper to clartfy, *t£»*cd to tie or Zl, •*» 
20 minutes. Para-amtno-bczotc aetd can be added directly at tins urn 

indicated. 
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A satisfactory agar medium can be made from this broth by the addition of 1.5 to 20 
per cent agar. 

Meat Infusion Broth and Agar: Use. This is superior to extract broth for routine use. 


Increments- 

Lean meat (preferably beef) 500 Gm 

Neopepione 10 Gm. 

Sodium chloride 5 Gm. 

Distilled water 1000 ml 


Preparation The meat is ground, water added, and the mixture allowed to stand 
overnight in the icebox Peptone and salt are added and the preparation heated to 65° C. 
for 30 minutes It is then boiled for 10 minutes, strained through gauze, and filtered 
through paper, or better, allowed to settle until clear It is made op to original volume 
and pH adjusted to 7 8 It is autoclaved at 20 pounds for 30 minutes and reclarificd if 
necessary. The pH ts readjusted to 74 to 7,6, the preparation is dispensed and auto- 
claved again for 15 minutes at 20 pounds. 

If agar is desired, 2 per cent agar » added to the broth. It is heated to dissolve, 
clarified if necessary, and autoclaved 

Scmisolid Agar: Use This is excellent for primary isolation of many bacteria, it is 
especially good when micro-aerophihc forms are thought to be present. 

Ingredients and Preparation. To extract broth, infusion broth, tryptose phosphate 
broth, or the combination base mentioned below (without the unlaked blood or agar) is 
added 01 to 0 3 per cent agar The mature is heated to dissolve the agar, clarified if 
necessary, and dispensed in large test tubes in amounts to allow a column of at least 6 cm 
It is autoclaved at 15 pounds for 15 minutes. 

To use, 1 to 2 ml. of a blood sample, or of spinal or other fluid, is added The mixture 
is rotated to mix and incubated. Colonies will develop cither in the medium itself or at 
the surface of the medium 

This medium is unproved by the addition of 02 Gm KCI and 0.1 Gm. CaCb per liter 
DIood Agar: Ust, This is the usual solid medium for the isolation of most common 
pathogens 

Increments and Preparation. To extract agar, infusion agar, or combination base agar 
is added 5 per cent defibnnated or curated blood. The agar should be melted and cooled 
to 45* C before adding the blood and, after mixing, pour plates or slants can be made. 
Horse or rabbit blood is best but human blood can be used when these other types are 
not available. Sheep blood is also satisfactory when other sources are not available Pre- 
cautions to maintain asepsis must be observed. 

It is often advantageous, in making blood agar slants, to pour onm a solidified slant 
of basic agar enough of die freshly mixed blood agar to make a layer about 5 mm. thick 
This is immediately slanted in proper position and allowed to solidify. Prepared in this 
way, the medium is more transparent, and the characteristics of surface colonies and evi- 
dence of hemolysis or discoloration can be seen almost as well as on a poured plate. 
It is also economical of blood. 

With the addition of 1 per cent glycerol, blood agar is an excellent medium for the 
tubercle bacillus, and also for the organism of glanders 
Chocolate Agar: Use. Chocolate agar is used chiefly for cultivating members of the 
Hemophilus or Neisseria group 

Increments and Preparation, The contents of tubes of ettracr, infusion, or combination 
agar base arc melted They are then cooled to 55° C. and 5 per cent blood is added The 
temperature is raised slowly to 85° C. and the mixture allowed to cool to 45° C It is 
dispensed as pour plates or slants 

Combination Agar: Usr Tins is utilized in an attempt to put into one medium growth 
factors for as many pathogens as possible. This medium will support both the gonococcus 
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Mueller. Sturcl.-ca.an Hydrolysate Medium: Use. TSir medium i. used for fa**, 
of the Neisseria, especially when satisfactory Moodeotitainios medium « tmavailablc 
Peers mhos a no ItoaoiK Seventeen Cm. dry, shredded agar are dissolved fa 5« 
ml. tap water by autoclaving for 15 minutes at 25 pounds pressure. 

While this solution is still hot the following an: added: 


Meat infusion . . 3000 ml 

Casern hydrolysate (Difco) . 1?.5 Gm. 

Starch paste* ... . 1000ml. 

WaJ " .. 1000 ml. 


The pH is adjusted to 7 A to 7.6. The solution is mixed and distributed into tubes or 
flasks It is autoclaved not more than 10 minutes at 10 pounds pressure. 

This medium may be used for plating or as slants. It is especially useful when made 
up as a semisolid medium by using less agar, 

Levituhal Medium; Use. Hemophilus influenzae will grow on this medium. 

Preparation and Ingredients. Any good meat infusion broth base may be used such is 
that described on p 341. To this is added 003 per cent glucose and 10 per cent blood 
(sheep or rabbit). The mixture is placed in a cool water bath. The temperature is thea 
raised to 100* C. and held at this point for three to five minutes. At the end of this tune 
the blood is coagulated and of a uniform chocolate color. The brown precipitate is then 
removed by filtration through paper, and the medium is immediately sterilized by filtration 
through a Bcrkcfeld N candle. 

For a solid medium one part of this broth is added to one part of a 4 per cent nutrient 
agar base The agar is melted and partially cooled before the broth is added. Plates are 
used on the day that they are poured. 

Fddes Peptic Digest: Use This digest supplies accessory factors for the growth of 
Hemophilus influenzae 

Preparation and Increments Into 3 250-raL glass-sloppered bottle are placed the fol- 
lowing 


Physiological salt solution 
Hydrochloric acid, concentrated 
Dcfibrmaied sheep or rabbit blood 
Granulated pepsin 


15000 mi 

6 00 ml 
5000 ml 
10 Gm 


The bottle is shaken to dissolve the contents. After incubation at 55* C for 2 to ^ 
hours, 12 ml. of 20 per cent NaOH arc added. The reaction is rested with cresol red, 

HC1 is added drop by drop until the pH equals 7.0 to 7 2, and 0 25 per cent cnioroto 

added. The acid causes a precipitate of hcmatin. „ hroth 

For use, the digest, m the proportion of 2 per cent, is added to a good nutn 


medium, or, ift the proportion of 2 to 5 per cent, to a nutrient agar. 
Bordet-Gengou Medium. (Modified): Use This medium is used 


for die isolation of V 


pertussis The tubercle bacillus grows well on it also 
Increments: 


Potatoes, peeled and sliced 

Glycerin 

Water 

Agar 

Sodium chloride (0 75 per cent solution) 


m Gm 
8 m2 
200 ml. 


Fresh blood 


r laundry starch (»« 


•Starch pane is made by suipcndulS IS Gm of “T itirrir® 

starch") in 10 ml. cold water. Tht. tt poured slowly ulto 90 ml boil.% v» 
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Preparation. The first three ingredients are mixed and then steamed in an autoclave 
or boiled until soft The original volume is restored; the solution is strained through gauze 
3nd allowed to stand until sedimentation is complete. The clear broth is syphoned off 
ami to each 50 ml. of this are added 150 ml of 0.75 per cent saline and 5 Gm. agar. The 
mixture is heated to dissolve the agar, dispensed, and autoclaved for 25 minutes at 15 
pounds pressure. When plates are desired, this base is melted and cooled to 45* C. From 
10 to 15 ml. fresh blood are added to each 50 ml base, and the mixture poured, allowing 
half again as much medium per plate as for the usual blood plate. 

A satisfactory potato-glycerin base can be purchased in dehydrated form from Difco. It 
is necessary only to add fresh blood for use 

Loeffler’s Serum Medium: Use This medium is used primarily for the cultivation of the 
diphtheria bacillus It can also be used for accentuating the color production of staphylo- 
cocci or pigmented Neisseria and for testing proteolytic power. 

Increments 1 

Extract broth (p. 340) 50 ml 

Beef, horse, hog, or human serum 150 ml 

Dextrose 0450 Gm. 

Preparation Dextrose is added to the extract broth and the pH adjusted to 8 0 with 

NaOH The fresh serum is added and mixed. The medium is dispensed in 3- to 5 ml. 

amounts in culture tubes (150 X 15 mm or similar size) The tubes arc slanted They are 
inspissated and sterilized as follows 1 They are placed in a slanting position in the autoclave 
and covered with paper to avoid sudden contact with steam and to protect them from 
condensation water The door and air outlet valve of the autoclave are closed. The pres- 
sure is gradually raised to 15 pounds, without letting any of the air escape. The pressure 
is maintained for at least 10 minutes, or until the temperature reaches at least 100* C 
The air-outlet valve is opened so slightly that the pressure will not vary more than % 
pound — thus allowing the condensed water and some of the confined air to escape. The 
valve is closed and the sterilization process continued for 20 minutes at 15 pounds pres- 
sure After sterilization is completed, the source of steam is cut off and the autoclave 
allowed to cool slowly until the pressure is ml The final reaction of the medium (the 
water of syncrcsis may be tested) should be between pH 76 and 7 8. Alternative methods 
of inspissation and sterilization include- (a) mspissation in a double boiler until coagula- 
tion is complete and then sterilization in the Arnold Sterilizer for 20 minutes oil three 
successive days, (t) mspissation in the dry oven at 85* C and then sterilization m the 
autoclave without pressure or with pressure not in excess of 7 pounds The finished 
product should be free from bubbles and there should be two or three drops of conden- 
sation water at the butt of the slant 

It is essential that this medium be fresh and moist; small amounts should be made fre- 
quently and the period of storage kept at a minimum It is oflcn more convenient to ob- 
tain the dehydrated i<To<hict, such as is supplied by the Difco Laboratories 

Cystine Tellurite Agar: Use This is used for the cultivation and differentiation of 
members of the genus Corynebactenum. 

Increments 


Infusion or extract agar 
Wood or scrum 
03 „ potassium tellurite 
Cystine 


15 ml 
0 75 ml 
2 25 ml 
few granules 


Preimrvtion The agar is melted and cooled to 45* C The other mgTcdients arc added 
and the mixture poured into a Petri di<h. When larger amounts are prepared the cystine 
is added in 00543m. amounts per liter of agar. The tellurite solution must be titrated 
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since various lots differ considerably. The product, as prepared by A. H. Therms 
Company, Philadelphia, bears a titration figure and instructions for me, A tfefjydratrd 
blood-tellurite mixture can be purchased from the Difco Laboratories and added to i 
basic agar medium, resulting m a satisfactory product. 

Glucose-Cystine-Blood Agar. Use, This agar is used for the isolation of PesHu'eh 
ttdarcnsis . . 

Ingredients: 


Beef infusion agar 

Cystine 

Glucose 

Blood (rabbit preferred) 


100 ml 
010 Cm 
10 Cm 


Preparation, The agar is melted m steam or water bath; glucose and cystine are added 
and heating is continued for 20 minutes After cooling to 50* C,, blood is added and 
the mixture heated over boding water for two hours It is then cooled, dispensed, and 
incubated for sterility 

The Difco Laboratories’ “Cystine-Heart Agar” with (tesh rabbit blood can be substituted 
for this medium. .. 

Avery Broth for Pneumococcus Use This is recotu'Wc'd for the rapid proliferation 
of pneumococci when mice are nor available. Sicr^pi, c fluid can also be used. 

Ingredients: j ‘ 


Ingredients: ^ 

Infusion broth ^ 

Glucose 

Blood (rabbit or horse) 


90 ml. 

1 Gm, 
5 ml 


Preparation. The pH of the broth Recked and adjusted to 7.6 to 7.8, Glucose, prd 
erably as a sterile 20 per cent solution^ m [.) ( and blood are added. The medium is 
distributed, allowing 5 ml per tube , 

Tryptose Broth and Tryptose 2 . Uit j t h generally agreed that these m 

preferable to liver infusion for the^fjon, growth, and study of the Bruce a. ^ 
be obtained in dehydrated form f om ( ), c Difco Laboratories, or (he agar c p 
from the broth by the addition o qj per cent dextrose and L5 per cent aga 
Ingredients: 


Tryptose 
Sodium chloride 
Distj)ie<5 water 


20 Gm. 
5 Gm- 
1000 m! 


PrspamtIon The ingredients,,, raised and the solids d,5W l vt ^ find P [ < 

dispensed the medium u autoo ve( j , or 20 minutes It 15 pounils p 
for Brucella should be 6 6 to 6 0. „s„ can be substituted for 

Liver infusion and agar, using i{K ) Gm. liver for I6W> but does not 

tryptose broth and agar. It is ir aiJe essentially as was the " ‘ ,!«, supp»“ 

’ give a, constant results as the commercial alternative. Combination ago 
the growth of Brucella. , nsa \ , w |et dye M 

Crystal violet agar, made by a'oing 1 ml of a 1 : <<» c ram .nQstme forms «h«j 
a I, ter of media, ivill suppress tbe grm vlh of a number “ ? ' Baste foehn" »“ a 

it is necessary to isolate the Bn- C ||, from eontaminaie , b adding 1.0 P « 

thfonrn, used to differentiate the vp « of Brucella, can be f 1“ cjn bt stented 
cent aqueous solutions of the dye „ melted ttyptose aft . > used pit 

by Lanng in boiling tfa.ee for 15 o, notes Four m! ' “ t„“ orated tn» *« 

toe of medium ot 2 ml of the The '"d % the deter-."' 

infusion agar or combination agar. T >pws e agar slams e 
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tion of hydrogen sulfide production (see p, 35t), but better results are obtained when 
fiver or meat infusion (250 Cm. of meat per liter) is used instead of distilled water in 
the preparation of the slants 

Cooked-meat Tubes; Use T|ie«e are used for the propagation and study of anaerobes, 
especially of the Clostridia 

Inc*£pie*»ts avd To a lube of extract brvah is added enough lean, ground 

beef or veal to occupy one-half the column of liquid Tim is autoclaved for 30 minutes 
at J5 pound* The pH is checked and adjusted to 7 2 to 7 6 
Dram Medium: Use Used for determining protcolyvtv by sport-forming anaerobes The 
proteolytic species cause a blackening of the medium 
|s.t,»Eoi£«rs amo Pkei’shatjo 1 ' Sheep or beef brains arc bosled with aft equal amount of 
Vkattr The water is decanted and the brain passed through a colander Peptone, 2 per cent, 
and dextrose, 0 l per cent, are added lo the decanted water and the reaction made slightly 
alkaline, i e , pH xa 7 2 to 7 4 Large test tubes arc filled about one-half These are sterilized 
in flowing steam for 30 minute* on each of 5 days, being held at room temperature dur- 
ing the intervals 

Whole- rmlk Tube*: Use There arc used for the cultivation of anaerobes 
Ir/cREOiEim Afro Preparation Fresh milk is shaken luSkiently to distribute cream and 
“ml amounts are dispensed into rest tubes This is autoclaved at 12 pounds for 10 
minutes Before inoculating, rt i* reheated in a boding water bath for 10 minutes, in 
order to drive out oxygen 

Bromcresol Purple Milk. Use This is used for the study of acid production and clot 
formation in milk 

Incwldunts and P*tpA*ATJON Milk is skimmed free from cteam and heated m boiling 
water or flowing steam for 20 minutes Any fat forming on the surface u removed Forty 
ml of 0 04 per cent aqueous bromcresol purple (or I ml of I 6 per cent in 95 per cent 
alcohol) per liter of milk are added The mixture is tubed to 5- to 10-ml. quantities, and 
sterilized for 20 minutes in steam or boding water on three successive days It is incubated 
for sterility before use 

Special Media for ihc Tubercle Bacillui. N Soii/riov J» it unnecessary 1(1 add peptone 
or meat infusion to media containing blood, egg, nr potato base Ammonium salts or 
asparagm furnish a readily available source of nitrogen Five parts of ammonium citrate, 
five parts of avparagin, and one pats of magnesium sulfate are ground up thoroughly to- 
gether, dissolved in l-Gm lots m 100 ml water and sterilized m screw capped bottles. 

Toc-yoik Midiui EmpcoM'.o N Solution Aseptic precautions should be observed in 
preparing the medium as it is difficult to stenhrc. The necessary number of clean fresh 
eggs arc immersed in 70 per cent alcohol for 10 minutes With scrubbed hands and 
sterile rubber gloves, the eggs arc broken and the jofk-s separated and allowed to fall 
{and break) into a sterile flask containing glass beads and marked to indicate the volume 
of yolk required The flask is shaken lo disperse the jolks To each b7 ml yolk, 3 ml 
sterile glvcerw and 30 ml stride N solution are added and die flask again shaken. The 
mixture is then poured into a previously sterilized funnel fitted with a layer of gauze 
and a pinch clamp It is tubed lit amounts sufficient Uj make long stants os to cover the 
side of vttevv-capped bottles to a depth of at least 5 mm U is sterilized by motivation 
fnf two hours on two successive days. U is possible to stenWe m the autoclave if special 
precautions are taken to avoid disruption by air bubble* 
the addition o( 1 1000 Congo red makes catty colonies more easily visibfe. Con 
(aroma units may he reduced by add* ng 1 : 1000 malachite green (equivalent to Sonnets 
tchem* medium) or 1 • 10,000 gentian violet (equivalent lo Fcirftd's medium) 
howiNvri ih'i MiMLM In the preparation of this medium aseptic prccauimns are ob- 
served as for egg yolk medium described above To 10Q ml of N solution 4 Cm, potato 
flour and 12 ml glycerin (2 ml. if bovine bacilli are anticipated) are added The mixture 
ts stirred, boded for 15 minutes, and cooled. It is then added to 100 ntf. whole egg. 
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sl ' aIt ' n : Af,cr f"' 1 fi 1 ''”"?- 'he medium is tubed end sterilized in the sane 

manner as the egg-yolk medium described a bov (. 

These media may be preserved for four month, in air-tight, screw-eap vials or bottle, 
lamina ant. Snalttat».v To avoid disruption of the medium by air babble, 
the following steps arc taken; 

TIic freshly tubed medium is placed in the icebox overnight, and then heated to a 
temperature below the coagulation point, until the air is expelled; or the tubes are placed 
-in a large vacuum desiccator for an hour, after evacuating the air. 

The tubes arc then placed in a slanting rack or similar support and heated in a tigM) 
scaled autoclave. When the pressure reaches 10 pounds the air \ahe is opened , uf r 
enough to permit some exchange of air for steam without altering the pressure. When the 
thermometer indicates that the corresponding temperature has been attained, the air 
valve may be closed and sterilizing continued for 10 minutes, with the heat or steam 
flow reduced so that the same pressure is maintained. The air valve should be left closed 
until the pressure has fallen to atmospheric level. 

Tgg-yolk Medium: Use. This is used for the cultivation of the tubercle bacillus n 
well as for Paste urella tu far crisis 
Ingredients. 


Eggs 

Saline 

Malachite green (2% aqueous) 
Glycerin 


4 

30 rob 

5 ml. 
sec below 


Preparation Sterile equipment is used throughout and all possible sources of con- 
tamination are avoided since the finished medium is difficult to sterilize. The eggs ire 
washed in soap and water, rinsed, and immersed in alcohol. The alcohol is removed by 
igniting. The eggs are opened; the yolks are placed in a beaker and the whites are dis- 
carded. To the yolks arc added 30 ml. norma! saline solution or, if the medium is tobt 
used for the growth of human strains, 25.5 ml. saline and 4 5 ml. glycerin are used. A.t« 
mixing thoroughly and filtering through a wire sieve, 5- to 6-mi. amounts are vekti, 
slanted, and sterilized a' described for Loeflkr slants {p. 345). This medium can be stored 
in the icebox for considerable periods if stoppered with rubber or paraffin 

Pctragnam's Medium: Use This medium is used for cultivation of the tubercle bacillus 
Incredients* 


Skimmed milk 
Potato flour 
Asparagin 

Peeled and thinly sliced potatoes 
Eggs 

Egg yolks 

Sterile C.P glycerin 

2% aqueous malachite green (certified) 


450 


ml 
Cm. 
26 Cm. 
225 Cm 
12 
i 

35 mi- 
30 ml. 


Preparation The sliced potatoes, potato flour, milk, and asparagin are P ce 
double boiler and cooked for two hours. The mixture is stirred constantly “ , . 

comes sticky, after winch occasional stirring will suffice. The eggs are iten i P 
Sng whh soaked in 70 per cent alcohol- The egg yolks and egg white w * m 

££ yX arc dropped inVo a sterile liter Trlenmeyer flask The 
broken with a sterile glass rod and ihen shaken well. A stride "tbber MopP“ UP 
vm the Bask while the contents are shaken The glycerin and ' E ec ^ 

added and ntitted by shaking The *« filtered 

rrlvcerin mixture added slowly and ttuxea well in _ ™ 

toul&c gauze into a sterile beaker. It should be neutral to litmus, pH 
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The medium Is distributed aseptically in sterile test tubes and carefully inspissated. This 
may be done in the autoclave using the following procedure: The temperature is raised 
to 45* C in the first half hour, to 65* C. in the second half hour, and to 80* C. in the 
third half hour. It is held at 80* C for 20 minutes The medium is then allowed to cool 
and sterile rubber stoppers are substituted for the cotton plugs. 

An alternate autoclave method for coagulation and sterilization is that described for 
the preparation of Loeffler’s serum slants (p. 345) 

Kirchner’s Medium: Use This is a synthetic fluid medium for cultivation of the tubercle 
bacillus It is especially valuable in preparation of purified tuberculin. 

Ingredients 

Sodium phosphate (NajHPOt) 50 Gm 

Potassium phosphate (KH 2 PO 4 ) 4 0 Gm 

Magnesium sulfate 06 Gm 

Sodium citrate 2 5 Gm 

Asparagm - 50 Cm 

Glycerol 20 0 ml. 

Water to 10000 ml 

Preparation The ingredients are mixed and 2 ml of 40 per cent NaOH are added to 
bring the pH to 7 2 before autoclaving 

Nutrient Gelatin: Use This is used to demonstrate the ability of certain organisms to 
liquefy gelatin It can also be used in place of agar for plates to be incubated at tempera 
lures not above 20* C. 

Increments: 

Beef extract . 3 Gm 

Peptone 5 Gm. 

Gelatin 120 Gm. 

Distilled water 1000 ml 

Preparation The ingredients are combined and the solids dissolved at 65* C, The 
solution is made up to volume and the pH adjusted to 70 The mixture is heated to 
boiling while stirring vigorously. It is again made up to volume, filtered through cotton 
if necessary, dispensed, and autoclaved for 20 minutes at 15 pounds pressure. 

Sodium Hippurate Broth. Use This is used for the dilTerentiation of group B strep- 
tococci from the human strains. 

Increments and Preparation To extract broth is added I per cent sodium hippurate 
and the mixture tubed m 5 ml amounts. The level is marked with a glass-marking pencil 
and the medium autoclaved for 15 minutes at 15 pounds pressure. The tubes are inocu- 
lated and the organisms allowed ro grow m the rncubator for 45 hours. At the end of this 
time enough distilled water is added to bring the column up to the original level The 
culture is centrifuged A reagent is prepared by adding 12 Gm. ferric chloride (FeCh 
61 IjO) to ICO ml aqueous 2 per cent hjdrochloric acid Eight-tenths ml supernatant 
fluid from the culture and 0 2 ml reagent arc mixed in a small tube. A precipitate present 
at the end of 15 minutes indicates a positive reaction (the formation of benzoic acid from 
sodium hippurate) 

Create Agar; Use Curate agar is used for the diJTercmiation of coh and aerogenes 
bacilli 
Increments 

Sodium citrate 2 Gm 

Sodium chloride 5 Cm 

Magnesium sulfate . .. 02 Gm. 
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Ammonium dihyd/ogen phosphate 

D/potassium phosphate 

Agar 

Distilled water 


1 Got 
J Cm. 
20 Cm. 
5000 mi 


u ? Th ' «*'“« « m,xcd and the solids dissolved by totting- Afe & 
pH is adjusted to 6 8, 5 ml. of 05 per cent alcoholic bromthymol blue are added Tit 
medium is dispensed, slanted, and autoclaved at 15 pound, pressure for 15 minuter. SA 
factory dehydrated citrate agar can be obtained ham Difco Laboratories A pos.mete 
action (Organism capable of existing with citrate as only source of nutrition) on ikii 
medium is characterized by the appearance of colonics and a change in the indicator fee, 
green to dirk Woe. 

Tartrate Medium: Us/ This medium is used in the differentiation of members of the 
genus Salmonella, 

Incheuienw 


Sodium potassium tartrate 

10 Gm. 

Peptone * 

10 Gm 

Sodium chloride 

5 Cm. 

Agar 

20 Cm. 

Phenol red (0 2% alcoholic sol ur/ 017 ) 

12 ml 

Distilled water 

1000 ml 


Pfep aration The ingredients are mined and the solids melted in flowing steam or f'ff 
boiling water The pH is adjusted to 7 6 to 7 8 The medium is dispensed in 5-ml amounts 
into test tubes and autochied f or 20 minutes at I 5 pounds, This medium may he ob- 
tained in dehydrated form from the Difco Laboratories 
Tubes of this medium are inoculated by st3b and the reaction obseried after 43 hours 
of incubation. Typical findings include the following: 


Atio Reaction (Veuosv) 
Salmonella typhtmurumi 
Salmonella entcnlidis 
Salmonella rmpesttfer 
Salmonella typht 
Proteus vulgaris 
Escherichia coir 


Alkaline Reactiov IRe&) 
Salmonella paratyphi B 
Salmonella paratyphi A 
Al\ahgertes jjecahi 


Peptone-dextrose Solution- Use This solution it used for performing the opts 
ptoskaucr and methyl red tests in the differentiation of cob and aerogencs baci i 
Ingredients, 


Proteose peptone (or Witte's peptone) 
Dextrose 

DipoLmium hydrogen phosphate 
Distilled water 


5 Cm 
5 Cm 
5 Cm. 
1000 nth 


fuMumw The first three substances ere raized with MO ■ ml. «mr *> j f 

sv.th he*. The solution i, cooled ,o room tcu.pera.uve end the s°W 
11)00 ml The solution is filtered through paper and ttnpenwi m L „ is 

test tubes. Intermittent sterilization for 20 J J rc d peptone dextrose 

recommended. A satistaorjr commerce! subsume .s the liuttereo pp 

<*£ four-day gamnh . nhfened An — 
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is made by dissolving 0 1 Gm methyl red in 300 ml alcohol and bringing the volume up 
to 500 ml. with distilled water Five drops of this indicator are added to 5 ml of the 
broth and the color reaction recorded, a red reaction is positive, a yellow negative, an 
intermediate questionable 

The Voges-Proskauer test can be made on the same tube of broth by pipetting off 5 ml. 
after 48 hours of growth. To this is added 5 ml. of 10 per cent potassium hydroxide 
The mixture is placed in the incubator. The development of an eosin hue within six 
hours indicates the presence of acetyl methyl carbmol and constitutes a positive reaction 
The six hour period of incubation can be reduced to one hour if 2 drops of 2 per cent 
ferric chloride arc added before the potassium hydroxide 

Urea Medium; Use. Urea medium is used to determine the ability of organisms to 
change urea to ammonia It is valuable in identification of the Proteus group of bacteria. 

Ingredients 


Urea 2 Gm. 

Yeast extract (Difco) 0 1 Gm 

M/15 primary phosphate buffer * 500 ml 

M/15 secondary phosphate buffer 500 ml 


Preparation To make the primary buffer, 4 535 Gm. monobasic potassium phosphate 
are added to 500 ml water For the secondary buffer, 4 735 Gm dibasic sodium phos- 
phate are added to 500 ml water All the ingredients are mixed and sterilized by filtra- 
tion through a Seitz or a Berkefeld filter. The medium is dispensed in 2-ml. amounts in 
sterile tubes. The final pH will be about 6 8. 

The culture tubes are inoculated and incubated at 37* C After a 24- to 4S-hour growth 
is obtained a few drops of Nessler’s solution arc added The appearance of a yellowish- 
brown precipitate indicates that urea has been split When Nessler's reagent is not 
available, the pH of the culture is tested, alkahnization indicates ammonia formation 
from urea 

Lead Acetate Agar. Use Lead acetate agar is used for the detection of hydrogen- 
sulfide production by bacteria 

Ingredients and Preparation Any sausfactory agar base including extract agar, infusion 
agar, or combination agar without blood may he used The agar is melted and cooled 
to 50" C One ml. of autoclaved 05 per cent aqueous basic lead acetate per 10 ml of agar 
is added to the agar base The medium is placed in culture tubes, allowed to solidify, and 
iv inoculated by slab around the edges. Black discoloration after 24-hour incubation is 
indicative of sulfide production 

This method has been largely replaced by lead-acetate paper. Strips of filter paper are 
immersed in a sterile (boiling) 20 per cent solution of normal lead acetate. They are 
then dried and stored in sterile test tubes until needed. These strips can be inserted be- 
tween the plug and wall of culture tubes so that an inch or two of the paper is exposed 
to the atmosphere over the medium. They must not be immersed in the culture broth or 
allowed to touch the slant. A positive result is obtained when the paper becomes black- 
ened The test can be roughly quantitative if the amount of blackening is observed or the 
paper changed frcquentl) Hither solid or liquid medium can be used and the constitution 
of the medium is not very important except when testing strains of Brucella; here, 
liver infusion is essential for clear-cut results (p 110) When determining production of 
hydrogen sulfide by Brucella, the papers are changed at the end of each 24 hours of incu- 
bation and the results interpreted as follows- 

B tiietitrnni none or only a trace of blackening during four-day incubation 
It abortus ..moderate to marked blackening during the first two days of incubation. 

U. suit moderate to marked blackening throughout four days of incubation. 
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Ikomm'mtv ''' 1 UK ’ Pcp ' onC Wato i! mcd for lhc demonstration 0 f Mol prodoclm 

Ttyptone (Difeo) (or other suitable peptone) jg 

Sodium chionde ... 5 Q m * 

Distilled water ‘ im ml. 

Preparation The ingredients are mixed and the solids dissolved with heat if nects- 
sary. The solution is tubed in 5-mI. amounts, and autoclaved at 15 pounds for 15 minutes 
The pH is checked; it should be around 7 3. 

Cultures are grown in peptone water for 48 hours and at the end of this period, 1 ml 
ether is added; the mixture is shaken and allowed to separate. A few drops of jaw- 
dimethylaminobenzaldehycfe reagent is then poured down the side of the tube so that j 
ring is formed at the junction of the ether and culture fluid. A pink color at this interface 
denotes a positive reaction The reagent is made by dissolving 2 Gm. aldehyde in 190 ml 
ethyl alcohol and, after solution is effected, adding 40 ml. concentrated hydrochloric acid 
The stock reagent should be stored m a dark bottle and out of the light 

A simpler method for determining indol production is to soak strips of filter paper in 
a saturated aqueous solution o( oxalic acid, dry them, and use by suspending o\cz the 
culture medium as was described for lead-acetate paper (p. 351). The development of a 
pink color on the paper denotes a positive reaction. The peptone in the medium must 
contain tryptophane which is the source of the indol. 

Nitrate-peptone Water: Use This is used for the determination of the formation of 
nitrites from nitrates. 

Ingredients and Preparation. To the peptone water described above is added 0 1 P” 
cent potassium nitrate The mixture can be autoclaved to sterilize. It is important that 
water free from ammonia be used, and that the nitrate be mtme-free Nitrate-peptone 
water will not grow Hemophilus so that for these organisms it is necessary to add 2 per 
cent blood to the peptone water. This mixture is heated slowly to 80* C,, cooled, and the 
coagulum removed cither by filtering or centrifuging The product, known as 'hemo- 
peptone water,” is sterilized by passage through a Berkefeld filter. The nitrate can e 
added to it before filtration, using enough to gne a 002 per cent solution. 

To determine whether nitrates have been reduced by bacterial growth, two reagen 
arc prepared as follows* 


Solution A. 

SulfaniUc acid 
Sulfuric acid 
Distilled water 


0 8 Gm 

5 ml. 
95 ml 


Solution B: 

DimethyJalphanaphlhylamine 
Glacial accttc add 
Distilled water 


06 ml 

30 ml 

70 ml 


To 5 ml. of the nitCTo-peptone water (or bemopeptm'-m rite a wm , (! 

ml. oC solution A Then a few drops of solution B are added , P bI jjborstonel 

a red or pfflk color w.U develop The rea S c»t, for tins test are available 

performing chemical analysis of water. , , Krnth for Salmonella; it 

P Totrathionate Brothi Use This is used as an cnrichin ent - “ ® forB , 

lows these to proliferate while suppress the firow.h of the lactose ferm 
Increments, 


Proteose peptone 
Bile salts 


5 Gm. 
I Gm. 
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Calcium carbonate 
Sodium thiosulfate 
Distilled water 
(Iodide solution) 


10 Cm. 
30 Cm. 

1000 ml 
see below 


Preparation The tetrathionate base is best purchased (Difco) in dry form and pre- 
pared for use as desired To 100 ml water are added 4 6 Gm. of base and the mixture 
brought to a boil It is cooled to 45° C and tubed in 10-ml amounts At the time of use, 
to each tube is added 02 ml potassium iodide in 20 ml. water. Both the base broth 
and the iodide solution are stable but the two should not be combined until the time 
for use 

Selenite F enrichment medium is comparable to the tetrathionate broth in behavior 
and can be substituted if desired It is obtainable in dehydrated form from the Baltimore 
Biological Laboratory The formula is as follows. 


Sodium acid selenite (anhydrous) 4 Gm 

Peptone 5 Gm 

Sodium phosphates (anhydrous) 10 Gm 

Distilled water 1000 Gm 


The relative amounts of monobasic and dibasic sodium phosphates that will give a pH 
of 70 are determined by trial The weighed ingredients are dissolved in the distilled 
water, the solution tubed m 10-ml amounts, and sterilized in flowing steam for about 
30 minutes, 

Eosin-methylenc Blue Agar: Use The agar is used to differentiate non-Iactosc-splittmg 
colonies from the coll aerogenes group. It is interchangeable with Endo's medium and 
MacConkcy’s medium 
Increments- 
Peptone 

Dipotasuum phosphate 
Agar 
Lactose 

Town (yellowish) 

Methylene blue 
Distilled water 


10 Gm 
2 Gm. 
15 Gm 
1 Gm 

0 04 Gm 

001 Gm. 
1000 ml. 


ParrARATiov The ingredients are mixed and solids dissolved by heating to the boiling 
point The solution u made up to volume and dispensed It is autoclaved for 20 minutes 
at 15 pounds pressure and stored in the cold This medium can be purchased m de- 
hydrated form 

Endo’s Medium: Usr This medium is primarily employed in the confirmatory test for 
water analysis, but it is also adaptable to die isolation of non lactose fermenting forms, 
INCREMENT* 


Peptone 10 Cm. 

Agar 15 Cm 

Basic fuchsin (in alcohol) 0 3 Gm. 

Lactose 10 Gm. 

Dipotastium phosphate 3 5 Cm. 

Sodium sulfite 025 {jm 

Distilled water 1000 ml. 


Pm- a* atio v Variation in the strength of dyes and reagents males it highly advisable 
to obtain this product in dehydrated form. The dehydrated medium can be purchased 
from Difco Company. When nude in the laboratory, die ingredients other than the dye 
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and sulfite arc combined, dissolved, end autoclaved The dye is made as a 3 
solution and added at the time of use, along with fresh sodium sulfite, 

MacConkey's Medium: Use. This is probably the test medium for the differentiation of 
enteric pathogens from the coli-aerogciies group. Inclusion of crystal violet results m 
suppression of the Gram-positive organisms while the neutral red colors those colonies 


thttmg lactose and not suppressed by the bile salts. 



Ingredients: 



Peptone 

20 

Gm. 

Lactose 

10 

Gm. 

Sodium chloride 

5 

Gm., 

Bile salts 

5 

Gm. 

Agar 

17 

Gm 

Neutral red (J% aqueous) 

5 

ml. 

Distilled water 

1000 

ml. 

(Crystal violet) 

0 001 Gm 


Preparation The agar is dissolved in 500 ml. water by autoclaving or boiling All 
other ingredients, except dyes, arc dissolved in the remainder of the water by heating in t 
water bath. The two mixtures arc combtncd and the pH adjusted to 7 4. The resulting 
agar base « dispensed and stored in the cold after autoclaving at 15 pounds for 20 
minutes At time of use, it is melted, neutral red is added and pour plates are nude. 
The crystal violet can be added, if desired, to the agar base before autoclaving A 
slightly different but equally satisfactory dehydrated form can be purchased from Difco 
Laboratories. 

SS Agar (Bile-salts Citrate Agar) : Use. This agar is used for the isolation of Salmonella 
and Shigella from stools. It is prepared to give maximum inhibition of the coli-aetogcnes 
group. It ii the solid medium of choice when the only object is detection of these forms 
since large inocula can be used without jeopardizing the formation of individual colonies 
Ingredients and Preparation This agar is extremely difficult to prepare in the ja ora 
tory. It should be purchased m dehydrated form from Difco Laboratories if possible 


1. Agar base 


Water 

Beef extract 

Proteose peptone (Difco) 
Bile salts No. 3 (Difco) 
Agar 


1 

5 Gm. 
5 Cm 
8 5 Gm. 
17 Gm 


The agar is dissolved in half the water by autoclaving The extract, ^ 

salts « teted m the ™u«,de, of a™ The two 
the resulting mixture made up to weight. It is dispensed 
50 minutes, and stored. 


2 The complete medium: 

Agar base 

Lactose (Bacto) • * 

Sodium citrate (NaiOsH^O^HeO) , . 

Sodium thiosulfate (Naa&O, 5HaO) < Mal , "' krod ‘ > 
Ferric citrate pearls USP VIII, !« 

Neutral red (Coleman & Belt), l A 
Brilliant green (Coleman k Bell), 0 1 so u io 


1 liter 
tO Gm 
8 5 Gm 
85 Gm. 

10 ml 
25 mh 
0.33 ml 
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As required, a suitable amount of agar base is melted, in the proportions given the 
lactose, sodium citrate, sodium thiosulfate, and ferric citrate solution are added and mixed 
thoroughly. The pH is adjusted to 7 0. The neutral-red and brilliant-green solutions are 
then added and the medium dispensed m 15- to 20-ml amounts in porous-top Petri plates. 

Bismuth Sulfite Agar: Use This agar is emploj ed extensively for the isolation of the 
salmonellas and especially of the typhoid orgjmsm since it is adapted to the use of large 
amounts of inoculum. It is best used as a matrix for pour plates and on these, members of 
the salmonella (including S typht) develop luxuriantly as blade, metallic colonics Most 
other forms are inhibited 

Ingredients and Preparation 

I Agar base 


Agar, granulated or powdered 20 Cm 

Beef extract 5 Cm. 

Peptone 10 Cm 

Water, hot, to make 1 kg. 


The ingredients are dissolved by autoclaving for 15 minutes If not used at once this 
base is stored in a refrigerator 

2 Bismuth sulfite mixture 


Bismuth ammonium citrate scales* fi Cm 

Sodium sulfite, anhydroust 10-20 Gm. 

Dextrose 10 Cm 

Sodium phosphate, anhydrous (NajHPOi) JO Gm 

Water 200 ml 


The bismuth ammonium citrate scales are dissolved in 50 ml boiling water, the sodium 
sulfite in 100 ml boiling water, and the dextrose in 50 ml boiling water The solution of 
bismuth ammonium citrate and that of sodium sulfiie are mixed together and boiled 
While boiling the sodium phosphate is admixed The mixture is allowed to cool, then 
the dextrose solution is admixed Water is added to make up the lost weight. This 
bismuth sulfiie mixture is stored m a well stoppered Pyrex vessel in a dark cupboard at 
room temperature 

3 Iron citrate brilliant green solution. 

Iron citrate (ferric citrate) I Gm. 

Water 100 ml 

Brilliant green, l°o solution 12 5 nil 

The iron citrate is dissolved in the water by heating and the brilliant green solution 
added The resulting solution is stored in a well stoppered Plies scvsel in a dark cup- 
board at room temperature 

4 Combination of preparations. 

To JfflO ml hot melted agar base the remaining preparations, in the amounts drug 
nated below, arc added and mixed tliorniighlj 
Bismuth sulfite mixture 
Iron citrate brilliant green solution 

•The USP I\ "JVmuth am) Ammonium Curare - «..?,) in the t’mtnl Stair* under the name 
• IVmuih Ammonium Citrate** maj be u*ed 

tThe propoMinn of sulfite maj he varml within ihe girrn limits at a means of ltanilanlinn? 
the medium with different lots of ingredients, tj-, peptone or agtr. 


200 ml 
45 ml 
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,.T b lf“ m “ rc ,s mnmhmlr into porous-top Petri rf/shes, J J to 20 ml to otl 

dish. The ptotes are kept at room temperature (or one to two hours and then stored in 1 
refrigerator unit! required. It is advisable to use these plates within four days aha 
preparation. 


Bismuth sulfite agar is not easily adapted to preparation in jbe laboratory but should 
be purchased in dehydrated form from Difeo Company if possible. The most convenient 
method of use is to prepare sterile test tubes containing 0.?8 Cm of the pondered 
medium. When a specimen ts to be plated, about l Gm. of stool is emulsified in saline, 
the particles allowed to settle ro the bottom, and 1 ml of the supernatant fiord Is 
pipetted to a sterile Petri dish. To the tube of dry bismuth sulfite medium are added 
12 ml. sterile water. This is placed in a boiling water bath until solution is effected. Vie 
solution is allowed to cool to around 50* C. and then poured into die Petri plate which n 
rotated to allow mixing. It is then cooled until solid and is incubated, 

Russell's Double-sugar Slants: XJst These slants are used for the separation of the 
cohform organisms on the basis of fermentation of lactose and dextrose, and lor the 
production of gas from these carbohydrates. 

Ingredients: 


Beef extract 

. . . 3 Gm, 

Peptone 

.... 10 Gm 

Sodium chloride 

. . 5 Gm. 

Dextrose 

1 Cm. 

Lactose 

10 Cm. 

Agar . . 

15 Cm. 

Phenol red (002% aqueous) 

50 ml 

Distilled water 

1000 ml. 


Preparation. The ingredients are mixed and the solids dissolved by boiling- The 
volume is restored and the pH adjusted to 7 4. The solution is filtered through cotton 
if necessary and dispensed in 10-mi. amounts inro test tubes It is autoclaved at 15 pounds 
for 15 mmutes and slanted so as to obtain a deep agar butt and short surface. 

Russell’s double-sugar slants can also be prepared by melting extract agar and adding 
lactose and phenol red, in this case only eight minutes of autoclaving will be ncce«wy 
Dehydrated Russell's medium can be obtained commercially (Difco). Slants arc inf- 
lated with a needle by streaking pact of a puce culture over the surface and then subwftg 
a portion well into the butt of the cube. The reactions to be expected arc as follows: 

Organisms fermenting both lactose and Slant yellow; butt yellow and with 
dextrose with the formation of gas bubbles 

Escherichia and Aerobacter 
Organisms fermenting dextrose with gas 
but not affecting lactose . Salmonella 
and Proteus; some paracoli 
Organisms fermenting dextrose without 
formation of gas: Shigella and S typfn 
Pseudomonas 

Organisms fermenting neither dextrose 
nor lactose; Alkaligenes 


Slant red, butt y«Uo and with bubble* 


Slant red, butt yellow, no gas 
mortal may dipolar medium 

S/anr red, butt yellow 


Pseudo 


Kligler’s Iron Agar: VsB. This agar has Ihc »"><■ 1 m ” 2 Gm 'perl'S 

through the i^fonot <* ^*5^^ 
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Ingredients and Preparation Since this medium is not especially stable when pre- 
pared in large amounts, it is more economical to purchase it in the dehydrated form. 
The reactions are comparable to those described for Russell's slant except that most 
salmonellas and some proteus members produce a black discoloration. 

Krumweide’s triple sugar agar is like Russell’s except that sucrose is also added m an 
amount equal to the lactose 

Triple sugar iron (TSJ) (Hajna, 1945) is a more complicated and very satisfactory 
medium for the differentiation of the enteric bacteria It m3y be purchased from the 
Baltimore Biological Laboratory 
Tomato-juice Agar: Use This is used for lactobacilli 
Ingredients: 


Solution A. 

Peptone (Bacto-Difco) 10 Cm. 

Peptonized milk (Bacto-Difco) 10 Gm, 

Tomato juice (from canned tomatoes) .... 400 ml 

Solution B 

Agar-agar (Bacto-Difco) . . 25 Gm 

Distilled water 600 ml. 


Preparation Solution A is prepared by adding the peptone to the tomato juice and 
mixing well Then the peptonized milk is added. After mixing well the preparation is 
placed in an Arnold Sterilizer and gradually heated to 95* to 100’ C. 

Solution B is made by adding agar-agar to the distilled water and mixing well. The 
mixture is heated for 30 minutes in steam (Arnold Sterilizer) before autoclaving for 30 
minutes at 15 pounds pressure 

Solutions A and B are mixed while hot The reaction is determined and the pH 
adjusted to 60 with N/l sodium hydroxide. The mixture is heated for 10 minutes in 
steam (Arnold Sterilizer). The reaction is determined and, if necessary, the pH is ad- 
justed to 6 0 using N/l sodium hydroxide. The reaction is then readjusted to pH 5 2 using 
lactic acid After heating the mixture for 10 minutes in steam (Arnold Sterilizer), the 
reaction is again determined and, if necessary, corrected to pH 5 2. The solution is now 
filtered through a fine layer of nonabsorbent cotton and dispensed into desired con- 
tainers It is sterilized for eight minutes at 15 pounds pressure (autoclave 121 6° C) 
Aronson's Medium:UsE. Aronson's medium is used for the isolation of V. comma 
Ingredients: 


Agar 

Beef extract 
Peptone 

Sodium chloride 
Distilled water 


30 Gm. 
3 Gm. 
10 Gm. 
5 Gm. 
1000 ml. 


The above ingredients serve as a base and can be combined and stored exactly as de- 
scribed for extract agar. The following solutions are prepared separately and are suf- 
ficient for 100 ml. of agar base: 

Sodium carbonate (anhydrous), 10% 6 ml 

Saccharose 20% . 5 m |. 

Dextrin 20% ... . 5 ml 

Sodium sulfite 10% ... 2 ml. 

Basic fuchsm (saturated alcoholic sot) 04 ml. 

Preparation To the melted agar base is added the sodium carbonate. Thu mixture is 
heated oxer steam for 15 mtnuies. The remaining solutions arc sterilized without pres- 
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FucSsfa lactose Brash: tfa. This is an accepted medium for the confiramery test of 
Ingredients; 


meet extract . ^ 

..".'’.'.'.''.'.''.'7.7..".:: 5 cm' 

, , 5 Cm 

Baste fuchsm (0.1% solution) jj m |. 

Distilled water ” im mi 


Preparation. All the ingredients except the dye are mixed and heated until the solids 
arc dissolved. The solorio/j i s cooled and the pH adjusted to 6.6 to 7.0. The dye solution 
is added. The broth is brought up to \ olume, tubed, and autoclaved. 

Forma te-ricin of ea re broth and brilliant green-bile broth are satisfactory confirmatory 
media but more difficult to prepare from basic ingredients. Both, as well as fuchsm lac- 
tose broth and crystal-violet lactose broth, can be obtained in dehydrated form from the 
Difco Laboratories. It must be remembered that with any of the confirmatory media it is 
necessary to provide twice as much medium as water sample. When large amounts of 
water are cultured, a more concentrated basic medium must be used in order to meet this 
regulation Ten ml. of the standard media described above are satisfactory for 5-ml 
samples or less. 

Violet-red Bile Agar: Use. This is an official medium in the presumptive test lor re- 
forms by the pour-plate method. 

Ingredients. It is recommended by Standard Methods that, in the interest of uniformity, 
this medium be purchased in dehydrated form from the Difco Laboratories. The compo- 
sition, as given by that laboratory, is as follow*: 

Peptone 
Lactose 
Bile salts 
Yeast extract 
Agar 

Neutral red 
Crystal violet 

A satisfactory alternative for ibis medium is "Desoxycbotate Agar, prepared by th 
Baltimore Biological Laboratory. 


10 Gm 

10 Cm- 
1 Gm. 
5 Got. 
15 Cm. 
0.05 Gm. 
0004 Gm. 


Reagents 

Physiological Saline Solution. This solution is prepared by dissolving 8 
chloride m l hter distilled water. This is dispensed in suitable containers asm 

^Buffeted Glycerol; Use Buffered glycerol is used for the preservation of virus-eon«mmg 


tissues. 

Ingredients: 


Citnc acid (2.1 Gm.% in distilled water) 
Disodium phosphate, anhydrous {2.48 Gm.% in 
distilled water) 

Glycerin, neutral (C.P.) 


9.15 ml- 

90 $5 ml 
10000 ml- 


Preparation. T he fim 

a pH of 7.4. Then, glycerin is added and the preparation m ^ 
and autoclaved at 15 pounds pressure for 30 minutes. 
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Dichromate Cleaning Solution. With the aid of heat, 300 Cm. potassium dkhromate 
(technical) ate dissolved in 2 liters water. To this are added cautiously 1850 ml. commer- 
cial concentrated sulfuric acid. Caution Never four the aqueous solution into the acid 
Handle with care Avoid contact with fesh and clothing 
Citrate Bottles for Blood Cultures. Citrate bottles arc prepared by adding 05 ml. of 
10 per cent sodium citrate to a bottle and sterilizing by autoclaving. 

Sample Bottles for Chlorinated Waters. Sodium thiosulfate solution is prepared by 
dissolving 1 5 Gm. sodium thiosulfate in 100 ml. distilled water. One-half ml. of this solu- 
tion is placed in each clean bottle. (This amount has been found sufficient to reduce 
completely residual chlorine in an amount up to two parts per million in a sample of 130 ml 
water ) The bottles with the solution are sterilized for 15 minutes at 20 pounds pressure. 
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Laboratory cultures (subcultures) which have been carried over for years frequently 
lose their Gram characteristics. Cultures which arc several days old or dead or de- 
generated do not stain characteristically. The iodine solution deteriorates and becomes 
light in color; it should be of a rich port-wine shade. Decolonization, best observed 
over a white background, should be stopped as soon as no more violet stain is seen to 
stream out from the preparation. Decolorization can be controlled by making a prepara 
tion of a known Gram-pos/tive and a known Gram-negative organism on either side 
of the smear to be stained. The preparation should be thin and evenly spread. 

Ingredients. The following arc used m making Gram’s stain (Lillie’s modification): 


Solution A: 

Crystal violet 2 Gm 

Ethyl alcohol (95%) . . 20 ml. 

Ammonium oxalate (1%) in distilled water SO ml. 

Solution D: 

Potassium iodide 2 Gm. 

Crystal iodine 1 Gm. 

Distilled water ... 300 ml. 


Solution C; 
Acetone 


Solution D: 

Safranin 1 Gm. 

Distilled water . 100 ml. 


Solutions A, B, and D arc prepared by mixing their respective ingredients and filtering 
Solution A (ceeps well , 

Use The fixed smear is cosered with solution A for 30 seconds It is then nnseO' 
flooded with solution B for 30 seconds, rinsed, and decolorized with acetone (solatioa 
C) (Hucker uses 70 ml. of 95 per cent ethyl alcohol plus 30 ml. acetone for decolora- 
tion ) Following decolorization the smear is flooded with solution D for 10 seconds. 

Reactions. In the following tabulation arc listed the Gram-staining reactions ol m 
portant bacteria: 


Gram-negative 

Cocci 

Meningococcus 
N. catarrhalis 
Gonococcus 


Gram-positive 

Cocci 

Staphylococcus group 
Streptococcus group 
Pneumococcus group 
G. ictmgcna 


Bacilli 

K. pneumoniae 
P. aeruginosa 
F. dentiunt 
E colt group 
Salmonella group 
Shigella group 
M. mallei 
C. chatttrocu 
P. tularensis 
P. pcstis 
H. influenzae 


Bacilli 

■yacbactcnum group 
etant 

'.uberculosis 
1 ’cprae 
nthracis 

tt/elchii and other *P° 
irming anaerobes 
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Gram-negative Gram-positive 

Bacilli Spinlla 

M pertussis 
H. ducreyi 
H. lacuna tus 
H conpinctivitidis 
Brucella group 

Spirilla 

Cholera and allied forms 
Mouth spirals 

Methods for Staining Acid-fast Bacilli: Ziehl-Neeuin’s Method Ziehl-Ncelsen’s stain 
utilizes the following ingredients 

Solution A: 

Basic fuchstn 1 Cm. 

Ethyl alcohol 10 ml 

Phenol (5% aqueous solution) 90 ml. 


None important 


Gram amphophil {variable) 
Molds 
Yeasts 
Protozoa 


Solution B. 

Hydrochloric acid (concentrated) 3 ml 

Ethyl alcohol 97 ml. 


Solution C: 

Locfiler’s alkaline methylene blue 

tst The fixed smear is covered with catbolfuchitn and steamed gently over a flame 
for three minutes The stain is renewed repeatedly to prevent drying on the slide The 
carbolfuchsm may be allowed to act, without steaming, for 30 minutes or overnight at 
room temperature. Five minutes suffice for the leprosy bacilli. After staining with carbol- 
fuchsm, the smear js washed with water, decolorized with acid alcohol until thin areas 
are colorless, and again washed wiih water. It is countcrstained with Loefller’s alkaline 
methylene blue for 30 to 60 seconds, washed with water, and blotted dry. To avoid over- 
stainmg, some prefer to use a 1 10 dilution of Loefiler’s stain, just long enough to give the 
background a faint-blue color 

In place of solutions B and C, Hanks advises a 1 :4 dilution of Gabbctc's solution 
(2 Cm. methylene blue, 100 ml. of 25 per cent sulfunc acid) After staining with solu- 
tion A, the slides are washed and immersed in diluted Gabbetfs solution for five 
minutes (or longer if the film shows any residual redness) They are then washed in 
water and dried In this method there are fewer manipulations, and loss of bacilli fiom 
die films h minimized 

Stained by Ziehl-Neelsen’s method, acid fast organisms appear as red rods against a 
blue background 

Leprosy bacilli often are decolorized more readily than tubercle bacilli, and if leprosy 


staining methods to differentiate them on tins basis are not entirely reliable Pappcnheim’s 
method it recommended 

P*rri wit mi's Metiiop or DtrrmvmrtoN This is the standard method After steam- 
ing the smear in carbolfuchsm, the stain is poured of! and, without washing, the film is 
treated with the following Coralhn, I Cm.; absolute alcohol, 100 ml . methylene t>lue, 
OW. <>m , and glycerin, 20 ml. The film is flooded several times with the mixture, which 
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“ aUo "' , f “ ' *“> 0,1 sl0 ; v| y followins each application. It is then washed in maul 
mounted The smegma bacillus « decolorized by the corallin and alcohol but tbe 
tubercle bacilli remain red. 

Fot/tss Mi moo. Ponies has devised a method of staining acid-fast bacilli which «ii! 
also stain those elements which have lost their acid-fast properties. The so-called Much 
granules are also characteristically stained. The method is to stain the preparation «t& 
Orbotiuchsm , decolorize with acid alcohol, then carry through the various slept of the 
Gram method, couftterstaining, however, with Bismarck brown. By this method the 
acid-fast tubercle bacilli show as red rods dotted with violet granules Those which do 
not fully ream acid-fast properties show as zigzag violet lines. 

Beck s Slain. This is similar to Ncisser’s stain, but crystal Violet is used instead of 
methylene blue, This is used for the demonstration of diphtheria bacilli. Tn'O sclowns 
are prepared 


Solution A; 

Crystal violet (saturated alcoholic sol.) M> ml. 

Acetic acid (4,3% aqueous solution) 90 ml. 

Solution B: 

Bismarck brown 0.43 Gm. 

Distilled i vater . 125 ml. 


To prepare the Bismarck brown solution the water is heated to boding. The slam i J 
added and boding continued for two minutes. The solution is filtered and cooled. 

Vsz Solution A is applied for 2 minutes. The slide is washed in water and excess mois- 
ture dratned off It is then stained with solution B for 30 seconds, washed and dried Tk 
metachromatic granules of corynebacteria stain purple while the remainder of the cdl 
body and most other bacteria take the brown color. This stain has been highly satis- 
factory for demonstrating the diphtheria bacillus. When it is not available, Im&cj * *** 
line methylene blue can be substituted. , 

Way-son's Stain. This stain, originally designed for the study of plague, has attained J 
wide general use ft has been especially valuable in staining Pasteur ell a lolertnsts 
Streptobacittus moniliformis. It is a good stain for demonstrating capsules. 

ISCBEDlfeNTS 


Fuchsin 
Methylene blue 
Phenol (99 5%) 

Alcohol (absolute ethyl) 
Distilled water 


02 Gm. 
0.7 5 Gm. 
1 00 ml 
200 ml 
200.0 ml 


The dyes are dissolved m separate portions of the alcohol; the phenol « 
the water. The dissolved dyes arc added to the phenolized water an 


dissolved w 
ihe solution 


uJTtWs stam is applied undiluted for 10 to 30 seconds. It g»« a clear pink-Wbluc 
Hta’Gipsule Stain. The following ingredients are used ift the preparation of tbs /a 


Solution A \ 

(l/se the crystal violet solution described fox the Gram stun.j 

Solution B. 20 Gm- 

Copper sulfate jOO nil 

Dmtlkd water ^ „i 

Uss. The organisms under study are tidied with ‘' ^ “^‘"“eate'd for a few- s« w ”* ! 
fired gently with heat. The slide is .a, tied with solution A, 
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over a flame, and excess stain is washed off with solution 8 The excess copper sulfate 
is blotted off and the slide dried. Bacteria will be stained purple and their capsules will 
be a light blue 

Dorner’s Spore Stain. This is prepared as follows: 

Solution A. 

Nigrosin . 10 Gm. 

Distilled water 100 ml 

Formalin 05 ml 

Solution 8- 

Freshly filtered carbolfuchsin as described for the Ziehl-Neelsen stain 

To make solution A, the nigrosin is added to boiling water and boiling continued for 
30 minutes After cooling, the formalin, which serves merely as a preservative, is added 
The solution is filtered twice through paper and stored in 5-ml. amounts in test tubes. 

Use A heavy suspension of the organism under study is made in 2 to 3 drops of dis- 
tilled water in a small test tube An equal quantity of carbolfuchsin is added The mix- 
ture is allowed to stand in a boiling water bath 10 to 12 minutes. On a slide, one loopful 
of the stained preparation is mixed with one loopful of a saturated aqueous solution of 
nigrosin This is smeared as thinly as possible and dned rapidly. The spores arc stained 
red, the bodies of the bacteria are almost colorless and stand out against the dark-gray 
background of nigrosin 

Polychrome f Romanowsky ) Stains. Wright’s stain, Giemsa’s sum, and the May- 
Grunwald-Gicmsa stain are described in the section on hematology. We recommend the 
purchase of certified stains from reliable dealers These polychrome stains are also used 
to demonstrate malarial parasites, trypanosomes and other protozoa, spirochetes, rickett- 
viae, and the intracellular inclusion bodies of certain filtrablc virus infections 

Fontana-Tribondcau's Spirochete Stain. The following are prepared. 


Solution A 

Acetic acid (glacial) 1 ml 

40% formalin 10 ml 

Distilled water 100 ml 

Solution ft 

Tannic acid 5 Gm 

l°' 0 phenol 100 ml. 

Solution C 

5\ sifter nitrate solution 50 ml 


A few milliliters of the silver nitrate solution are reserved To the remainder is added, 
drop by drop, concentrated ammonia solution until the sepia precipitate which forms 
rcdnsolves The silver nitrate solution is shaken and stirred constantly during the addi- 
tion of the ammonia. Then some of the reserved silver nitrate solution is added, drop by 
drop, until there occurs a slight clouding, which persists on shaking This solution will 
remain useful for several months Occasionally it should be poured into a clean re- 
ceptacle, and if it lias become clear, a few more drops of 5 per cent silver nitrate are 
added 

Use On a clean slide, a thick film of fluid from a chancre, or other material containing 
spirochetes, is made and allowed to dry in the air The film is covered with solution A 
for one minute It rs washed thoroughly with distilled water, covered with solution ft, and 
heated until the fluid steams It is again washed with distilled water It tv now eoiered 
with solution C and heated until the fluid steams. This is allowed to act for 30 seconds 
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The slide is washed with water and dried in air or blotted The stained film should "be 
a maroon color and the spirochetes stained dark brown or black. 

Icdta-ink relief method of demonstrating spirochetes: 

A loopfui of material to be examined is mixed on a slide with a drop of Imfoissk, 
spread smoothly, and dried 

The microorganisms appear unstained on a dark background. 

Castaneda’s Stain for Rickettsiae, The following ingredients arc prepared: 

Solution A: 

Potassium dihydrogen phosphate .... 3 Gm 

Dtsodium phosphate (NasHPOj.ntfaO) , . 25 Cm. 

Distilled water 200 ml. 

Formalin . ... 1 ml 

'Each salt is dissolved m 100 ml. of water, the two solutions arc mixed together, and 
the formalin added as a preservative. The pH of this buffer solution should be 7.5. 


Solution 8 

Methyl alcohol • ^ ™ 

Methyl blue 1 Gm * 

Solution C. . 

Safranin "O” <0.2%) g 

Acetic acid (0.1%) . ... • m 

Use To 20 ml buffer. 1 ml formalin and 0 15 ml. solution B are added. The slide » 
stained with ibis mixture for three minutes and, at the end of this IK «* «“ 
poured off but the slide is not washed. The smear is covered with the saftanm 
for ttvo to five seconds and washed immediately in running water. 

Cotton-blue Lactophenol. This preparation is used for staining fungi. 

Phenol crystals • • • •• 

Lactic acid 

Glycerol * * * 

Distilled water .. .- 

Cotton blue 


Cm. 

ml 

ml. 

ml 


005 Gm 


motion oiuc . {u . 

The phenol is dissolved in the liquids bp beating gently. The dye is added « n 

“ vn Semens are cleared in .0 cent 

water The washed specimens arc place m P ^ f (j, c jp-vetitrfs a hght 
coversltp. The fungus elements -■***' bfoe^ ^ ™" e Ug agent 
blue. Permanent mounts can be matte Dy »»s n 
than hydroxide, and by sealing the covcrslip to the slide 

Miscellaneous Procedures , Jtrl | 

Aspiration of Material from CUanctei. The adapter “eKvroeirr'.Mn » 

,, euTS so as to form a M Then the phmgm - £d of tkef^ 
that the smooth end (uncut «d) of iaicS or Ka bs arc renoved- The ■»» » 

together. The chancre is cleansed and y J1]d mk „,cno» ■» '“tted J? w 
end of the syringe barrel is placed over the » ^ and lhi< o» <*■ 

drawing the plunger. A drop is especially uietul o» I®” 05 

,ho slide for dariSdd examination. Tta snetno 

in areas other than the perus. _ * j per cent aqueous sotutiun o >• , j 

10 Delayed Warning of «’ 1 ^ ^ 

.Met is added to distilled water TO a 
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per cent solution of gentian violet in 149 ml. distilled water). This solution is auto- 
claved at >0 pounds for 10 minutes. An equal amount of sterile de fibrins ted horse Wood 
is added to the dye to make the final solution of 1 : 30,000 gentian violet (15 ml. de- 
fibnnated horse blood to 15 ml. of 1 : 15,000 gentian violet) Test tubes 6 X 50 mm are 
used with cork stoppers to fit (No. 000 xxx). The tubes which arc to contain the 
blood dye solution are autoclaved at 15 pounds for 20 minutes A IO-ml. sterile pipet ts 


paraffin. A similar number of tubes is used for keeping swabs sterile. The cork stoppers 
are dipped in melted paraffin Round toothpicks are cut m half, swabs are made at the cut 
• ' • • • • • . .... j ... .i . ........ "Tie swabs at- 

■ ... . 20 minutes. 

In collecting the specimen, the cork to which the swab is attached is removed from 
the tube The swab is brought m contact with the exudate, then placed in a tube con- 
taining the blood-dye The tube is closed with cork to which an applicator is attached. 
When obtaining material from the cervix/ dressing forceps are used for grasping the 
cork and the swab 

Demonstration of Tubercle Bacilli by Guinea-pig looculatioa. Pigs weighing about 
250 Gra are used and, when possible, these animals are injected in duplicate Sputum 
should be treated with 3 per cent hydrochloric acid or 4 per cent sodium hydroxide for 
two hours in order to kill extraneous organisms. The pH should then be brought back to 
neutral, the specimen centrifuged, and I to 2 ml. of the sedimented portion injected. 

Gastric washings rarely need more treatment than neutralization and centrifugation. 
Urine can be concentrated as described above for direct examination. Pleural fluid and 
cerebrospinal fluid are best handled by using the guinea pig as a filter, injecting 3 ml. 
daily into the same pig until 20 or 30 ml have been given. Injection into the guinea pig 
should be made in the subcutaneous spaces of the thigh or lower abdomen, taking 
care that the material is not injected into the peritoneal cavity. An inoculum greater 
than 3 ml should not be used. The inoculum must be free from other pathogens and 
not so acid or alkaline as to prove irritating The animals arc inspected from time to time, 
especially for any enlargement of the inguinal lymph nodes. At the end of six weeks they 
can be autopsied. Cavcous lesions of lymph nodes, spleen, and liver are especially sought, 
if any are found, smears arc made and stained by the Zieh! N'cefscn method. If acid fast 
bacilli art not found in typical caseous lesions, the tissue should be examined histologically 
by a pathologist and a new guinea pig inoculated with some of the material If guinea 
pigs die before the allotted six weeks, sections of the spleen and liter should be examined 
histologically when possible. 

lb] e-sol ubihty Test. When fluid bile is available it can be added to broth cultures of 
organisms suspected to be pneumococci, using 0 2 mL of the bile per 1 ml of the broth. 
The tube of bile-broth mixture is placed in the incubator for 15 minutes and the 
turbidity compared » uh that of a tube of untreated broth culture 
Powdered bile can be purchased (Difco) and is quite satisfactory. It can be placed 
directly on plate colonics and these will disappear if they are composed of pneumococci 
while the virtdant type of streptococcus remains unaffected. Sodium laury! sulfate, sold 
by Dupont at "duponol" can be used by applying it directly to the culture plate or it can 
be added to broth cultures, using 0 1 ml. of a 02 per cent solution per 06 ml of broth 
Sodium dcsoxjcholate is also able to lyse pneumococci. Two drops of a 10 per cent 

*A imiJI imuuoi of kwiwIkI ipf (I to 2 ml ) in bottom of the tube, and an ordinary 
iu»«rh»r)ngcjl swab may It uk<J for this same purpn»<- Such lubes must be kept in an uprigbi 
position 
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SM,ium d “" •* 

s»ppS=3S3Ssr 

the streptococcus let be tested, I-olloiving immediate mixing, 0.25 ml. oft 025 mam 

bit « 37 °cT b ? n™ d,,ori * is ? d * A Atl " ”"4. Ais is pieced in ?«, 
7. ‘ ;, 7 C In ab ™‘ 10 mmutes there should be a solid eoajulom. The tube b chenei 
frequently and the time svhen its contents become completely fluid is noted. 

Plasma from individuals who have recovered recently from hemolytic streptoeoem 
infections t$ not suitable for the test. 

Antifibrinolysin. When normal blood is used complete dmofution occurs within an 
fiour. The presence of antifibrinolysin is demonstrated by prolonged lysing time T he 
time required for complete fysis of the plasma-clot is used as an index of antifibrinolysin 
concentration as indicated in the following scheme: 

0 = complete dissolution in less than 1 hour 

1 — " " " / to 4 hours 

2 s “ “ " 4 to 8 “ 

3 = “ “ V to 24 M 

4 s no complete dissolution in 24 hours. 

VrmcfLuN* 

Methods of Assay of Penicillin (Based Largely on Fleming: “Penicillin,” The Bblbton 
Company, 1946). The "unit” of pemedhn is a purely arbitrary standard based upon its 
biologic activity. As originally defined, an Oxford unit was the minimum amount ofprfli 
cilhn which, when dissolved in 50 ml. of meat extract broth, would inhibit the growth of a 
special (standard) strain of Staphylococcus aureus. Since penicillin has been obtained 
in relatively pure form, the unit has been redefined os equivalent to the activity of 
0,0006 mg. of a preparation of the pure crystalline sodium salt of penicillin tl (G) main- 
tained as a standard at the National Institute of Medical Research, London. The Inter- 
national Conference on the Standardisation of Penicillin recommended that one of two 
special strains of S aureus be used for titrating penicillin preparations These are kept m 
stock in the National Collections of Type Cultures in this country and in London Other 
species have been used, however, including the pneumococcus, hemolytic streptococcus, 
and B sitbuhs . 

Strict asepsis must be observed in all the manipulations described below. Sampler c 
Standard Penicillin may be obtained from the Food and Drug Administration of e 
If S Federal Security Agency, Washington, D.C. . 

Acar Plate Method The preparation of agar cups is described on p 2/6 1e 
dishes must be flat and even, so that the culture medium will have uniform aep • e 
dilutions of the solution to be tested and also of a penicillin solution of known ttnng’ 
preferably including dilutions containing 7, I, 05, and 0.25 units per m are P c 
m broth. Into each of the cups are placed a few drops of one of the < 

nearly to fill the cups. These are labeled and incubated overnight. Then the diam e 
the zone around each cup in which growth has been inhibited is measure 
dilutions of the solution to be tested should correspond in actwity to 
standard solution. The sirens* (»«”«») ° f *' formtr ca ” ,U " ' 
direct comparison and simple calculation. „ - fl ef . 

In plate of mating cups, one may use small glass or porcelain crfaKfcn ' > “ d 

Serna, ^ amerce to 10 mm W These « tee P 

fitted closely SO that there is no leakage when fluid is placed m cy 
•This section has been added by the editor. 
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371). The agar-plate method is a relatively crude procedure, 3nd it is influenced by the 
diffusibility as well as the potency of the penicillin. 

Serial Dilution Method In test tubes, serial dilutions in broth of the solution to be 
tested and of a standard solution of penicillin of known strength arc made. Inoculate 
each tube with a loopful of a broth culture of the standard strain of S aureus and 
incubate overnight The highest dilution in each scries in which growth is inhibited is 
determined by inspection and the strengdi of the solution is calculated as above. 



Assay plate. Test organism — staphylococcus The cylin- 
ders contained 4, 2, I, 0.5, and 0 25 units of penicillin 
per milliliter <Tiom Fleming Penicillin, Philadelphia, 

The fllakntnn Cimpan> ) 

Slide Cell Method (Micromptiiod) for Assay in Blood Serum A 10 per cent normal 
human serum being used as diluent, serial dilutions of the serum to be tested are pre- 
pared in 50-cu mm quantities on a paraffined glass slide Each is inoculated with a 
loopful of such a dilution of a 24 hour broth culture of the standard strain of S. aureus 
(about 1 :40,000) that the inoculum yields not over 50 colonies A normal human 
serum to which hat been added a measured amount of penicillin (about 05 unit per 
ml) u similarly treated Each dilution is ran into a slide cell, scaled with paraffin, and 
incubated The highest dilution in both series in which growth is inhibited is determined 
by inspection The staph) lococci grow into visible colonies in the scrum mixtures m which 
growth is not inhibited. From this the concentration of penicillin in the serum can be 
calculated 

If adequate amounts of blood can readily be obtained the assay can be earned out 
more conveniently by using larger volumes of material in small culture tubes, as in the 
serial dilution method above For this purpose a standard strain of hemolytic strep- 
tococcus may be used as test organism and the amount of growth estimated by the 
degree of hemolysis produced in a bloosl broth culture The following method* has been 
used satisfactorily in the Biological Laboratories of the Johns Hopkins Hospital, but this 
requires previse manipulation and is impracticable for small laboratories making only 
occasional tests Ileming has described a micromethod based on this principle, using 
capillary lubes 

•\\> *rr indebted in !>r G. S Miikk for the details of this leehruc. 
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Aswy w Blood, Using S Pyogenes Aseptic precautions 
stipulations. 


must be obsertej in all tH 


materials needed: 

'■ D,, “ ferf *«" 'Kfusian broth, to which tut ban arfcfcrf I per cent pf 1MM u 
peptone. This is autoclaved 15 minutes at 15 pounds pressure 

2. Stock culture of S ftogcttc. strata C 202. Stack cultures arc carried on m 
stmked with sterile rabbit blood; they ore stored & tire icebox and suknltarcd once r 
month 


A blood-brotb culture is also maintained and stored in the icebox. On the da; el tie 
test, 5 ml. of blood-broth are inoculated tvith 0 1 ml. of the stock blood-broth raltnr, 
and used after six to eisht hours of incubation. The purity is checked by girting on 
blood agar, 

3. Sterile human group D blood, which is defibrinated and stored in the heW 
This may be used for ope week 

4. Penicillin A 1 . 1000 dilution is prepared as a stock solution. For use this is diluted 
in broth to 1 . 40,000,000 (final dilution), tubed in 5-mI. amounts, and stored in the 
freezing (/tot CD »?) icebox. 

5. A sterile specimen of each blood to be tested is ringed with a sterile applicator and 
placed in the icebox for two hours until it has clotted It is then centrifuged, the serum 
removed and stored in the freezing (not COj) jeebnt 

6. Immediately before use, to a given amount of broth arc added 4 per cent of the 
group O blood and 0 4 pec cent of a 1 : 10 dilution of the six- to eight-hour streptococcus 
culture. 

spot test Into each of three Wassermann tubes are placed (respectively) 1 ml of * 
1 : 10, 1 100, and 1 : 1000 dilution in broth of the serum to be tested. To each is added 
0 5 ml. of the culture-blood broth mixture. The tubes are incubated at 37° C. for six to 
eight hoars, and allowed to stand overnight at room temperature. They are eiam-.ti> 
without shaking, for hemolysis. 

pinal test The highest dilution of scrum which completely inhibits hemolysis itv the 
spot testis used, or undiluted serum if none of the three inhibit it. A series of tint sw«e 
tubes is set up for each serum to be tested and one for the penicillin control Into “«c 
tubes are placed the ingredients (in ml. quantities) as indicated m the following tabvs- 
latioti. The tubes are incubated and the results read <is in the spot test 
Tube number 1 2345678 


Serum dilurion (or 1 : 40 million 

pemedhn dilution) TO ,8 6 

Sterile broth 0 2 4 

Culture-blood-broth mixture -5 .5 .5 


A .5 .1 15 “ 

.6 .7 8 .85 9 If 

5 5 5 .5 .5 ■> 


The amount of penicillin m the smallest volume of serum which "f 1 *’ 1 ) a c 

hemolysis is equal to the smallest amount of penicillin which inhibits hemolysis 
control senes. From this the quantity per ml. of serum may be cakubteo. 

It it obvious that the dilution of the penicillin used must e so c os , H[n , 

Is inhibited by the !ar S er quantities but not by the smaller ones, tnonlK' ^ 

factory basis lot comparison svnh the serum tubes. T e u e o dilution di/lrfcat 

Afferent media, or minor variations in technic may necessitate using a Muuan 

from the 1 : 40 million indicated above. „ . T . ai ra f ,pf.ite /nr* 0 * 5 

Determination of the Sensitiveness of an Orgamstn to ^mctUm/The agar put 

can he adapted for ' , [|0f]J of peniedt' 0 

Serial Dilution * , . prepared. TVa« 

in meat extract bi ' f g Cr amounts a ^° 

should include dilutions containing trout V" " * 



STAINING METHODS AND SPECIAL PROCEDURES 


373 


if partially resistant strains are anticipated One series should contain standard S. aureus 
as a control. Each tube in a senes is inoculated with the appropriate organism, incubated 
overnight, and inspected for growth This indicates directly the minimum concentration 
of penicillin necessary to inhibit the organism This is compared with the standard strain 
of S aureus 

The determination may be of great practical importance in such infections as bacterial 
^endocarditis caused by Streptococcus tin Jans, since different strains \ary considerably in 
sensitivity to penicillin Clinically it has been found necessary, as a rule, to secure a con- 
centration in the plasma at least as great as that required to inhibit the strain in vitro and 
preferably two to four times this quantity, in order to eliminate the infection permanently 

Penicillinase. Many penicillin-resistant organisms (and at least one which is sensitive) 
produce an enzyme like substance which destroys penicillin An active preparation can 
readily be obtained by Berkefeld filtration of a week-old broth culture of a penicillinase- 
producing organism (eg, most coliform bacilli), or more conveniently a standardized 
preparation may be purchased This is of practical value in the laboratory if cultures are 
to be made of the blood, body fluids, or secretions of a patient who is being treated with 
penicillin The addition of 10 “units" of penicillinase to 15 ml. culture medium makes 
possible the growth of penicillin-sensitive organisms which might otherwise be inhibited 
by the penicillin in the material cultured 
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Technic of Clinical Blood Examinations 


For a study of the cells, either capillary or venous blood may be used. For the 
preparation of films capillary blood is much preferable. For most other purposes 
the use of oxalated venous blood is equally satisfactory, and it offers so many 
practical advantages that many use it routinely in all cases tn which a complete 
examination is to be made. Two ml. suffice for all the ordinary tests. 

Venous Blood. To obtain accurate results with venous blood, the following precautions 
must he observed The syringe and needle must be dry, or rinsed out with sterile physio- 
logical 53lt solution More than a very brief period of stasis must be avoided or the counts 
will be too high If a tourniquet is used, it must be released as soon as the needle enters 
the vein, and one must wait until normal conditions are restored before filling the syringe 
A definite amount of anticoagulant must be used Heparan (I mg per 5 ml blood) is the 
best, except that it clumps the leukocytes Potassium oxalate has generally been employed 
If one works quickly. 2 mg per ml of blood suffice, and are preferable to larger amounts 
If chemical examinations are not to be made on the same specimen, however, it is better 
to substitute for potassium oxalate a mixture of 6 parts of ammonium oxalate and 4 parts 
of potassium oxalate, since this does not cause shrinkage of the red cells We recommend 
preparing oxalate tubes as follows To each of a series of small test tubes add with a 
graduated pipet 004 ml of a solution containing 6 per cent ammonium oxalate and 4 
per cent potassium oxalale Allow the fluid to evaporate in the incubator or drying oven 
at low temperature, and stopper. When needed, add yun 2 ml blood from a syringe, and 
mix thoroughly at once 

P xcept for platelet counts and films, which must be made at once, the examinations 
may lie postponed for three hours (for ordinary cell counts 24 hours) More time can be 
taken tn filling the piper* and greater precision attained with \cn<ms Mood than with 
capillary blood, and duplicate determinations can easily be made jf necessary Immediately 
licfore filling the pipets the blood must be thoroughly mixed, preferably by inserting the 
tube repeatedly and gently, so as to asoid frothing 

Capillary Blood. Capillary blood may be obtained either from the ear or finger. Of, in 
infants, from the great toe or heel The finger is preferable as it is ctsier to secure urn 
form satisfactory circulatory* conditions there than in the ear If the patient objects to the 
uve of the finger tip, the area on the dorsum of the finger between the nail and ibr first 
l'»tni may be used The part must be warm anti hypcrcmic If cold or cvonotic, the band 
should first lie immersed in warm water, or the ear lobe vigorously massaged T?>e skin is 

1 leaned with 70 per cent alcohol and dries! An abrupt quick st3h to a depth of about 

2 mm n math with a M«ud lancer or tome substitute instrument with a short, sharp 
« titling edge Wf prtfrr a bnert of the iprmg release type with a screw by means of 
which the depth of the puncture can be precisely adiustcd A goosl substitute is a flagc 
d<im needle, or a it eel pen with one mb broken oft, anil the other sharpened on a fine 
grained whetstone Wright's glass needle may be uses! The lancet is sterilized b> dipping 
m alcohol and drying, or flaming, A freely flowing drop is essential, although a Tittle 
gentle tension on ihe side* of the finger li> separate llie margin* of rl-e puncture wound 
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preferably a colorimeter lamp provided with a daylight-glass window. The reading of the 
same blood by daylight may he 10 per cent lower than by an ordinary Mazda light, flic 
initial standardization should not be omitted, but once obtained the correction factor 
docs not change. 

Numerous attempts have been made to find a colored fluid which would be a satis- 
factory substitute for the acid hematin standard solution in the original Sahh instrument, 
but all have cither faded or deepened in color with use. 

Haden-Haimer Hemog/obinometer. The blood is diluted I : 20 with N/IO HCl in i 
hemacytometer pipet for white corpuscles (1 : 10 if the hemoglobin is less than 75 Cm. 
per cent). This is introduced into a wedge-shaped chamber jn a glass comparator slide 
and compared with the color of a strip of standard glass of uniform thickness inior 
jiora ted in the slide in immediate juxtaposition to the chamber. The comparator slide 
(B) is covered with a rectangular coverglass (C) and earned in a metal holder (A) 



Haden-Hausser hemog/obinometer, laboratory model. 


which ts moved laterally across the stage of the instrument It is viewed through * 
reading microscope (D), using for illumination a small elcctric-light bulb with a I^V 
life-glass Filter There appears m the field of the microscope a series of illuminated 
rectangles (15 in all, corresponding to hemoglobin concentrations of 75 to 19 GmJ 
separated by dark spaces. The lower half of the rectangles is occupied by the slandar 
colored-glass strip, and the upper half by the wedge-shaped chamber of varying dtpt 
containing the diluted blood The comparator slide is moved back and forth ' 
rectangle which shows identical color in both upper and lower halves is in the center 0 
the field. By moving a shutter (F), the scale readings which are invisible while the c° m 
parison is being made arc brought into the field and the hemoglobin concentration 
Gm. % is read directly 

The instruments have been carefully standardized by means of blood whose oxygt 
carrying capacity has been determined by Van Slyke’s method It is desirable that 15 
checked in die laboratory before use With due care and a proper light, accurate 
can be obtained . , 

Procedure (I) Mount the comparator slide in the holder; apply the coverg ass 
brushing off any dust or lint from its surface, and insert the slide m the channe <jn 
top of the bakehee case (2) Draw blood (axahted or from a finger) to the 0 roar' ^ 
whtte-blood-cell diluting pipet (to the 1.0 mark in case of notable anemia), an ^ 
pipet to the 11 0 mark with N/10 HCl (3) Mix the contents of the pipet gen«y 
stand for 30 minutes or longer. (4) Shake the pipet and discard the fluid m t & . 

portion. (5) Discharge the remainder of the diluted blood into the we ge s 
chamber of the comparator at the end of the coverglass (E). (A very thm un |°^ . . SJ 
of diluted blood is drawn by capillary attraction over the surface of the co 
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standard. This is advantageous as it insures a uniform light-transmitting surface o\er 
both the standard and the diluted blood.) (6) Mose the comparator slide across the 
field until a satisfactory match is obtained (7) Open the shutter and record the reading 
To avoid errors due to retinal fatigue it is desirable to rest the eyes two or three minutes 
and check the reading. (8) Clean and dry the chamber and covcrglass immediately. 

If the blood has been diluted l : 10, divide the reading by 2. To express in per cent, 
divide the reading by 14 5 (or by whatever figure has been selected as the normal 
standard of 100 per cent). 

Photoelectric Colorimeter. A glass disc of a color corresponding to a specified concen 
tration of hemoglobin is commonly used as a standard. (1) In a colorimeter tube put 
exactly 5 ml. of N/10 HC1 (2) Fill a Sahh hemoglobmometcr pipet to the 20-cu. mm 
mark with blood (cither oxalated or from a finger puncture). (3) Wipe all blood from 
the outside of the pipet, expel the blood into the acid, rinse the pipet with the solution, 
and mix the contents of the tube thoroughly (4) After one hour (or more) read in 
the colorimeter, and also make a reading with the standard disc 
Calculation 

„ __ Reading of unknown X corrected value of standard disc 
lib in im Reading of standard disc 

The accuracy of the standard should be checked, using Mood of known hemoglobin 
content, as directed in the following paragraph (Standardization). If this precaution it 
taken, accurate, closely reproducible estimations can be readily obtained 
Standardization. (A) (1) Obtain oxalated venous blood from a healthy young man 
with a normal red-ccll count, and determine carefully the hemoglobin reading (in grams) 
on the instrument to be tested, taking the average of seseral observations (2) Determine 
the oxygen-combining capacity of the same blood in volumes per cent, and calculate the 
hemoglobin content in grams by dividing this figure by 1 34 If this is not practicable, 
determine the hemoglobin with some other instrument which has been so standardized 
and is known to be accurate. (3) Determine the correction factor by dividing the correct 
reading by the reading on the instrument being tested. 

For example, if the correct reading is 15 Cm , and the reading on the instrument to be 
tested is 14 Cm , the standard of the latter is too dark The correction factor is *Vn, or 
1 07 If vhe correct reading is 15 Cm. and the reading on the instrument is 17 Gm , the 
standard is too pale, the correction factor is 'Hi, or 088. 

The total iron content of the blood (Wong's method) may be used for standardization 
if it is impracticable to determine the ox) gen-combining capacity. This is less accurate, as 
the blood contains a small amount of iron not combined in hemoglobin. 

(B) If neither procedure is possible- (1) Make a careful rcd-ccll count on a specimen 
of normal oxalated Mood It is preferable to use pooled Mood from several different in- 
dividuals The count must be at least 5 0 million (2) Dilute the suspension with 
sufficient physiological salt solution to bring the count just to 50 million It is assumed 
that this contains just 14 5 Gm hemoglobin per 100 ml (3) Carefully determine the 
hemoglobin of this adjusted blood with the instrument to be tested. (4) The factor 
is determined by disiding 14 5 by the reading Although this procedure docs not give re 
search accuracy, it avoids any error of clinical significance. 

The minimum probable error, if the instrument has been accurately standardized, is 
about 2 per cent and m actual practice is often nearer 5 per cent 

Tsllipitt s Hemoglobin Scale, This has been much used because of its great simplicity 
Some of the newer improsed color scales give reasonably accurate reproducible readings, 
alt hough less precise than those obtainable with the better instruments Thc> arc less re 
liable in cases of severe anemia. The following precautions should be ohierved Hie drop 
of blood should be large enough to nuke a suin at least* 1 cm. in diameter Readings 
should l*e made in diffuse daj light, as soon as the spot loses its gloss. They arc best made 
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!>)' catting out the spol and pimm* it over the color-rale plates. The colors of 
standard plates fade if exposed to light. 


Determination of Iron Content (Wong) 

Procedure. (1) With a volumetric pipet place 0.5 ml blood m a 50-mf. volumtwi 
flask- (2) To this add 2 mi concentrated sulfuric acid, and mix by whirling the fink 
for one or two minutes (3) Warm the flask if necessary, add 2 m! saturated potassium 
persulfate solution and mix by shaking. (4) Dilute to about 25 ml. with distilled watw, 
add 2 ml of 10 per cent sodium tungstate solution and mix. (5) Cool under the up, 
dilute to \ 61 time with distilled water, stopper, mix and filter. (6) Pipet exactly 20 ml. 
filtrate into a test tube graduated at 20 ml. 3nd 25 ml. (7) Into a similar tube pipet 1 nil 
of standard solution containing 0.1 mg. iron. (8) With a serologic pipet add 08 ml 
concentrated sulfuric acid to the standard solution. (9) Dilute to 20 ml with distilled 
water and cool under the tap. (10) To both tubes add 1 ml. satuiated potassium per 
sulfate solution and (I!) 4 ml of 3 N potassium suUocyan ate solution. (12) Stopper 
both tubes, mix, and read in the colorimeter. 

Calculation with a photoelectric colorimeter: 


Mg. of iron per 100 ml. s= 


Reading of unkn own 
Reading of standard 


s 0 1 X 100 „ . 

X err — that js, 50 


Calculation with a Puboscq type of colorimeter: 


Mg. of iron per 100 ml 


Reading of standard ^ ^ 
Reading of unknown 


To determine the hemoglobin per 100 ml. Mood, this figure is divided by 5.35 
Reagents. These must be free from iron. This is checked by running a blank de- 
termination on the reagents, and a correction factor is established if necessary. 

Sulfuric Acid, Concentrated 

Sodium Tungstate A 10 per cent solution, as used in preparation of blood filtrates, if 
used. r 

Potassium Persulfate, Saturated Solution Abour 7 Gm. potassium persulfate tao 
100 ml distilled water are placed in a glass-stoppered bottle and mixed by shaking Soffit 
excess of crysrnh should be present. The solution should be renewed frequently. 

Potassium Sulfocy anate, 3 N Solution One hundred forty-six Gm. potassium e) 3 (Ute 
are dissolved in sufficient distilled water ro make 500 ml. The solution i« filtered m 
20 ml pure acetone are added as a preservative. This need not be precisely accurate. 

Standard Iron Solution Exactly 0.861 Gm. crystallized ferric ammonium sulfate 15 
placed m a l -liter volumetric flask and dissolved in about 50 ml. distilled water. T'seffl 
ml concentrated sulfuric acid are added and the solution is then diluted to the msf^ 
One ml. = 01 mg iron If determinations are made w cases of anemia, weaker sun ar 
should be prepared by diluting the stock standard solution. 


faumer utfoa of the Blood Corpuscles 
Hemacytometer. We recommend the Lcvy-Hausscr type of counting chamber 
double platform, and with the "improved** Neubauer ruling. The counting c am er 
made of a single solid piece of glass, and is earned in a Bakehte holder wnic ** 
used conveniently on a microscope stage, and which protects the chamber from sc” ^ 
and breakage, fn the improved Neubauer ruling the centra! square millimeter « ^ 

as in previous types, into 400 smallest squares. The latter are arranged m 8* ^ ^ 
16 squares each by making each fifth vertical and horizontal hue a doub e p ff£ 

most recent model, a split line. For diluting the blood the ordinary T oma i 
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Thoma diluting pipets. 





= 0=0 


Trenncr automatic diluting pipets. 



Closure for blond diluting pipets lhow- 
ing closure in pmilwn on rubber tubing, 
filled pipei closed wnh finger tip, and rub- 
ber tubing sharply kmVcd prior to rotating 
tip into poMlinn in closure. 



Thoma diluting pipet bulb en- 
larged. 



Trcnnrr diluting pipet bulb en- 



closure for blood diluting 
pipet » ihnwing pipet tip in 
po-ition in closure. Pipet u 
now automatically tealed 


is satisfactory Tor those who hate difficulty in drawing the blood exactly to the mark 
on the stem of the Thoma pipet, the Trenncr diluting pipet is recommended The hard- 
rubber closure illustrated is convenient to present leakage and facilitate handling of the 
pipet while it is being shaken It is desirable to use apparatus which has been certified by 
the Bureau of Standards, 

Enumeration of the Red Corpuscles. Pnociovnt. The tip of the diluting pipet for red 
cells, carrying the graduation J01 on the stem above the bulb, is applied to a fairly large 
drop of blood, and with the pipet in a horizontal position, blood is drawn by gentle suc- 
tion just to the 0 5 mark (or to the 1 0 mark if there it marked anemia) If the column 
of blood goes slightly past the mark, it may be brought back to the line by gently tapping 
the tip of the pipet on the finger or on a piece of filter paper. If the Trenncr pipet is used, 
the blood is similarly drawn in until the stem is nearly filled. It is then allowed to flow 
in by capillary attraction (without suction) until the bore is filled, when it automatically 
stops Any Wood on the outside of the pipet is quickly wiped off, the tip is inserted tn the 
diluting fluid, and the bulb of the pipet filled by gentle suction until the fluid reaches the 
101 mark on the stem above the bulb. To avoid air bubbles the pipet is held vertically, 
the pipet is twirled between the fingers while it is being filled, and, if the glass bead 
sticki to the glass, it is dislodged by tapping with the finger The tip of the pipet is dosed 
at once with the finger or rubber closure, and the pipet shaken a few seconds to ensure 
mixing Up to this point, if capillary blood is being used, one mu't work rapidly to pre 
vent dotting Tbc pipet ma> now be set aside for a few hourt before completing the 
count 

The counting diamt>er is placed on a level surface, dust is brmhed oT with a camel’s- 



m 


HEMATOLOGY 


lair brmli, and the covcrslip it j r pli,d. Both must he perfectly clean If a ccrn'Ccd cover 
jl lip II used. It must he applied mlh the Bureau of Standards mark uppermost The met 
u shaken for about mo minutes, the pipet being held horizontally and shaken at n* 
angles to its long axis. Two or three drops arc blown out o( the pipet and the tip is ap- 
plied to tli c top of the ruled platform of the countin' 
chamber at the edge of the coverslip. While blowing 
very gently if necessary, enough of the diluted blond 
[ B fl -vT-jt Ir-Vv-fwM IS al}owcd to daw out to cover the pfatform com- 
pletely but not to overflow into the moat, Air bubbles 
must be avoided. The other platform is then centred 
IPl^.^MBsahs^KS.. D in a similar manner. The counting chamber is in 
spccted under the low-power fens of the microscope 
Lcvy-Hjuiser counting dumber. Jf ,hc cells are not ev enly distributed, or if the fluid 
overflows into the moat, the chamber is cleaned, the 
pipet reshaken, and the procedure repeated until a satisfactory distribution is obtained 
The chamber should he allowed to stand a few mmutes until the cells have settled 
With the high-power dry lens the red cells in five of the groups of 16 smallest squares 
arc counted. To get the most representative distribution it is best to count the four corner 
groups and the central group. A mechanical counter greatly facilitates die counting To 
avoid counting the same cell twice, cells winch touch a line arc counted if they touch tk 
left hand or upper line of a square, and 3re not counted if they touch the right hand or 
lower line, regardless of where the bulk of the cell may lie. We prefer this method, even 



Enure area of improved Neubauer ruling 1 showing 
split boundary lines (400 small squares available for 
counting) 


with the newer types of ruling, and regard a ceil as “touching” a line if it is * n a [ s0 

with any part of the double or split line Any white cells which are P fe ^® , t {, £ 

counted If the leukocyte count is significantly high it may facer be swbtrac ^ ^ 

total count The cells on the second platform are then counted and t e avc 
two counts is taken. The counts should not differ by more than 20 or at m<3S j a jo 
Calculation. The cells have been counted in 5 groups of 16 smallest s O u The 
of the 400 squares, that is, in H of the sq. mm The depth of the chard er is 
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dilution of the blood is (usually) 1 . 200. The total red cell count per cu. mm. is therefore 
obtained by multiplying the number of cells counted (a\ erase of the mo fields) by 
10,000 <5 x 10 X 200). 

The probable error, with due care and experience, is at least ± 4 per cent, or 200.000 
cells m a total count of 5,000,000. The expert can reduce this only by taking the average 
of repeated determinations 

Diluting Solutions Hay cm’s solution is recommended (Sodium chloride, 1 0 Gm . 
sodium sulfate, 5 0 Cm., mercuric chloride, 0 5 Gm , water, 200 ml. This should be filtered 
occasionally ) 

Tois<on‘s solution is satisfactory (Sodium chloride, 1 0 Gm , sodium sulfate, 8 0 Gm , 
glycerin. 30 ml.; water, l GO ml ) 

In an emergency 1 per cent sodium chloride solution may be used, but it is less satis 
factory 


(Left) Group of 16 smallest squares of improved Ncubaucr 
ruling showing split boundary lines Entire group visible 
simultaneously with 4 mm objective 

(Right) Group nf 16 smallest squares of original Neubauer 
ruling showing boundary by fifth squares with extra line in 
middle of caih The border squares necessitate readjustment 
of focus 

Enumeration of the White Corpuscles. Using the Thoma (or Trenner) diluting 
p/pet for while corpuscles with the graduation II on the stem above the bulb, blood n 
drawn up to the 0 5 mark (to l 0 if there ts a leukopenia), and then diluting fluid to the 
11 mark, just as directed for counting red cells As diluting fluid we prefer Tmk’s 
solution (glacial acetic acid. 1.0 ml . I per cent aqueous gentian violet solution, 1 ml . 
water, 100 ml , the solution should be filtered frequently to remove yeasts that may grow 
mit) 

Shake the pipet and cover the two platforms of the counting chamber with diluted 
blood, as in counting red cells. Make certain that the cells are evenly distributed bv 
inspecting the entue ruled area under the low power objective Count the total number 
of leukocytes on 5 of the 9 »q. mm areas on each of the two platforms With some ex- 
perience this can he done with the low power objective, although beginners mas mistake 
yeast cells or small pieces of dirt for leukocytes, unless the high dry objective is used 

Cai ctiatiov The total area counted is 10 sq mm The depth of the chamber is *7.. mm 
The cells from 1 cu. mm. of diluted blood have therefore been counted The total 
■- v - ‘ t , * 1 1 • ■ the totrl number of cells counted 

■ ■ • 20 If the leukocyte covmt is very 

■ ■ • H» or I 2M in t red ,el) pipet 

with Turk s diluting fluid, or the cells may l»c counted in al) or a portion of die central 
»q mm, a* in counting red •edit. The calculation must Ik altered accordingly \u 
cleated red cells, if present, are included m the count. The probable error is greaier than 
in the enumeration of red cells, since as a rule fewer leukocytes arc acfuallv counted 
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Enumeration of the Blood Platelets 
Man>- methods have been suggested, none of which are entirely satisfactory. 
puect Method (!) Moisten the inside of a Thotm diluting pipct for red corpuscles 
uitli diluting fluid by aspirating a little fluid into the pipct and expelling the fluid (1) 
Hi the stem of the pipct to the 1.0 mar k from a freely flowing drop of blood. (3) fig 
the pipct \vitft diluting fluid. (4) Shake at once, and place a drop of the diluted Hood 
on each platform of the counting chamber. (5) Place the counting chamber in 4 mok 
chamber on a !c\ cl surface, and allow it to stand 15 minutes, until the platelets kve 
settled, ((>) With the high-power dry objective count the number of platelets in 5 groups 
of 16 smallest squares in each platform. (7) Multiply the average count of the two Helds 
by 5000. 

As diluting fluid one may use; 

1. Sodium citrate, 3 5 per cent solution. 

2 W right an<l Kmmcutt’s solution: Of a 1 : 300 solution of brilliant cresyl blue, 2 parts, 
of a I : H00 solution of potassium cyanide, 3 parts 

3. Rees and Ccter's solution: Sodium citrate, 3.8 Gm.; formaldehyJe, neutral 40 per 
cent, 0.2 ml ; brilliant cresyl blue, 0.1 Gm ; tvater, J00 ml. This is stored in an icebox 
in a glass-stoppered bottle and renewed frequently. 

4. Howell and Donahue recommend: Sodium chloride, 2 per cent solution, 50 ml; 
potassium phosphate (11.876 Gm per liter), 40 ml; potassium hjpophosphate (9078 
Cm. per liter), 10 mi ; heparin, 60 mg This should be freshly prepared or kept in the 
icebox 

Just before use, all these solutions should be filtered and centrifuged at high speed 
to remove bacteria and other foreign particles which seriously interfere with th* ac- 
curacy of the counts. 

Counts obtained by these methods are lower ( 200,000 to 400,000 in normal blood) 
than by the usual indirect methods, which tend to concentrate the platelets The probable 
error is high, about 15 to 20 per cent. 

For practical purposes anyone with a httlc experience can estimate the number of 
platelets with sufficient accuracy by inspecting a well-made coverslip (stained) film 
(normally there is one platelet to each 7 to 15 red cells). This is always desirable as a 
check on the accuracy of a count. 

Volume of the Red Corpuscles 

Wc recommend the hematocrit tube of Wintrobe. By means of a rubber-bulb 
with a long, slender tip the tube is filled to the 100-cm mark with weH-mi\cd oxai.it 
blood To avoid air bubbles, the tip of the pipet should be inserted to the bottom o e 
tube, and then be gradually withdrawn as blood is expelled into the tube The sc ltnC ^ 
Cation rate may first be obtained. The tube is then centrifuged in an ordinary hoi et 
the cells are sedimented to a constant volume A good electric centrifuge » requite • 
capable of a speed of at least 2500 revolutions per minute. The time required M usu * 

20 to 30 minutes, but must be determined for the centrifuge Prolonging cento 
does not compensate for inadequate speed. The chief source of error is inadequ3| c 
triftigstion, which gives too high a reading After packing of the cells is comp e 
volume of red cells in per cent is read directly from the graduation at the top 
column of red cells. This must be corrected for shrinkage of the cells « potass: , ^ 
(ate vs used. It is multiplied by 1 04 if 2 mg- solid potassium oxalate per m . o 

US ['sr Alien's hematocut tube may be used to determine the cell volume (1 3 

blood. Blood is drawn by suction just to the 100 mark. The anticoagulant; ,s 

per cent) solution of sodium oxalate, is then drawn up into the tube , draw'- 

about one-third filled The exact amount is immaterial. The tube is then 
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jng a stout rubber band over both ends of the tube, or preferably by one of the spring 
clips furnished with the instrument. It is then centrifuged until the cells are packed to a 
constant volume, and the graduation at the top of the cell column gives the reading 
directly in per cent No correction for shrinkage is necessary It is less satisfactory than 
the Wmtrobe tube, if venous blood is available 

Preparation of Blood Films 

Films may be made on slides, or on covtrshps For differential leukocyte counts cover- 
slips are much to be preferred, as the leukocytes are more evenly distributed In films 
spfead on slides the large cells tend to accumulate at the margins and end of the film, 
whereas the l>mphocytes are largely scattered through the middle of the film Slides are 
satisfactory for the examination of red cells, for the study of individual leukocytes, and 
for search for parasites They ore preferable for thick-film preparations 
Cleaning Glassware. Covershps should be 22 mm. square. No 1 or No 2, of the 
best grade obtainable Covershps and slides used for making blood films must be absolutely 
clean and free from grease To clean covershps we prefer to drop the slips individually into 
sulfuric acid potassium bichromate cleaning solution and let them remain in it 24 hours 
or longer The slips arc then removed, rinsed individually in running water, then m dis- 
tilled water, and dropped into 95 per cent alcohol To dry them convenient!), a thin, 
smooth piece of board about 8 inches square, padded well and wrapped tightly with a 
clean linen towel, is tisid With covcrdip forceps the slips are removed from the alcohol, 
spread uncly on the padded board, and dried by rubbing them gently with a handker- 
chief (first scrubbing the hands to get diem free from grease) The slip* are picked up 
with forceps and stored in a dust proof box Glassw-are that is to be used for blood films 
should never be handled with the fingers Some prefer to polish the slips with jewelers* 
rouge, but vve have not found this necessary 

Slides ma) be cleaned in the same way They may be cleaned by scrubbing with soap 
and water, rinsing thoroughly, drying, and passing through the flame of » Bunsen burner 
to remove the last trace of grease. More satisfactory results can be obtained by using 
Hon Amt Some of the Hon Ami is rubbed up with the wet finger, the slide is rubbed 
with the lather until there is a friction «quealc, it it allowed to dry and is polished with 
a ctean dry cloth The advantage of using such substances as jewelers' rouge, Bon Ami, 
and strong acids is that they not only remove grease, but probably slightly etch die 
surface of the glass, and facilitate even spreading of the film 
Coverslip Films, With forceps remove several covrrshps from the stock box, and brush 
off any hnt or dust with a clean camcl's-hjir brush Touch a small freely flowing drop 
of blood about 2 to 3 mm. in diameter with the center of a clean covcrshp, taking care 
not to ict the slip touch the skin Lower this immediately onto a second covcrshp, allow- 
ing the weight of the covcrshp to spread the drop of blood. No pressure is permissible. 
When the spreading of the drop begins to slow down, grasp the upper covcrshp again 
and pull it away from the other in such a way that the pkinc surfaces of the two slips 
arc perfectly pvrallel throughout the manipulation. Any tilting of the upper covcrshp 
away from die lower will rum the preparation The covershps, during the manipulation, 
may be lundlcd with forceps or with the fingers, as the operator prefers. The films arc 
dried in air, ansi must be protected from dust and tnsects. 

nims on Slides. A fret!) flowing drop of blood about 3 or 4 mm. in diameter is touched 
with a clean glass slide at a spot about one half inch from the end of the slide Hie 
ilidc is placed on the table, and the end of a second “ipreader" slide is lowered onto 
the first slide, slight!) in ad v anec of the drop, so a* to make an angle of about 30 slegrccs 
with the first slide The spreader is drawn back until the edge touches the drop As 
soon as the Mood runs out along the line of contact, the spreader slide is advanced with 
a quick, csen sweep to the other end of the slide, so that the Mood is pulled (not pushed) 
along behind the edge of the adsanang spreader. It is preferable to narrow the spreader 
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slide by filing off a manyubr piece about % inch mdE at one corner. This mfc. *, 
film narrower than the Me and facilitates examination of the cells alone the marem rf 
the film. By rncrcasmg the angle bem-ecn the two slides thicker films may be chaise! 
and sice versa. In place of the slide a snip of cigarette paper may be used for a sprai-t 
and gives Defter results in unskilled hands. 


Staining and Examination of Blood Films 

For routine purposes some modification of the Romanousky polychrome methjlfnr 
blue stain is almost universally used. Of these we regard Giemsa’s stain as the best. 
Hon ever, the stain is expensive, and considerable time is required for staining the films 
For these reasons a simpler type of stain is usually employed. We recommend Wright* 
stam, which is most generally used in this country, or Wilson’s stain, which gives pne 
tically identical preparations. Wilson’s stain is much better for the demonstration of 
blood platelets. We recommend the purchase of these stains in solution ready for use, 
or in the form of dried powder or tablets, to be dissolved in methyl alcohol when needed 
The methyl alcohol must be of the highest purity, anhydrous, and free from acetone. 

Technic of Staining, For the best results the (air-dried) films should be stained within 
24 hours. Covcrshps arc most conveniently handled by using a coverslip forceps, such a* 
the Stewart type, which holds the cover in a perfectly horizontal position (1) Cover 
the dry film with the alcoholic solution of the stain for one minute. This fixes the filn 
(2) Add rapidly an equal quantity of diluent, best with a rubber-bulb pipet, and stain 
the film for five minutes (or longer if necessary) until a metallic scum forms on the 
surface (?) Wash by flooding the film with distilled water or diluent until it has i 
pinkish tinge. (4) Dry in air by tilting the coverslip on one edge so that the water w21 
dram off, or blot carefully with fine blotting paper. 

Trouble from the deposition of a precipitate on the film may be avoided by placing 
the coverslip with the film down in a small shallow watch glass, and adding with a pipe* 
just enough of the undiluted stain to float the coverslip After one minute an 
volume of diluent is added, care being taken to keep the coverslip floating on the diluted 
stain. After five minutes the coverslip is removed with forceps, washed, and dried as above- 
The dried film may then be mounted in immersion oil (cedar oil) for examination, 
or, if it is to be preserved, m special neutral Canada balsam (which may be purchased 
from reliable dealers) To ensure a neutral mounting medium, a relatively dilute, d uD 
solution of balsam damar in xylol is made, powdered calcium oxide is added, the 1,18 
ture shaken well and allowed to stand several weeks until it clears by sedimentation 
As diluent one may use carbon dioxide-free distilled water, or (if the stain is alkl . it*/ 
the following buffered phosphate solution recrystalhzed monobasic potassium phosp 
663 Gm , anhydrous dibasic sodium phosphate, 2 56 Gm. (both of the highest P uf,r l ‘ 
distilled water, 1 liter. This should have a pH of 6.4. To preserve, 1 ml chioro orm 


added to the stock bottle. . 

If these reagents are not available and the distilled water is too acid, the o e 
may be tried (I) Boil the water to expel carbon dioxide, and cool. Test by ad wg a 
of hematoxylin to a few ml. in a small test tube If the color does not turn ot «* 
one to five minutes, the water is still too acid Correct this by adding trac« o P ^ 
sodium carbonate solution until it becomes blue. (2) To 5 ml of disttlk wa e ^ 
has been boiled and cooled, add a small drop of a 1 per cent aqueous soiutio ^ 

red If the color turns pink (acid), with a glass rod add successive traces (no i. ^ 
I per cent sodium carbonate solution until it turns a pinkish yellow 
be used. However, if the color turns to a clear yellow, the water is too al > 


be discarded One must start again with fresh water. su bstiruie 

If distilled water is not obtainable, ram water collected in the open is the Jf af * 

Giemsa’s Stain. Three-tenths Gm. of Azur Heosm and 00 s * Gm. ** j ute 

dissolved in 25 ml of pure anhydrous glycerin at 60° C Twenty- ve m • 
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me thy! alcohol arc added at the same temperature: The solution is allowed to stand 
overnight and then filtered Immediately before use one part of the stain is diluted with 
JO to J5 parts of distilled water or buffered solution If intense staining is desired, the 
stain is diluted with 1 1000 solution of potassium carbonate. 

Pkocedlre The film is fixed in absolute methyl alcohol for one to fi'e minutes, then 
dried Tlic covcrshp is cohered with diluted stain, or, preferably, floated on the diluted 
stain, and left for J5 to 30 minutes At the end of this period it is washed m distilled 
water until the film has a pinkish tinge, then dried, and mounted 
The alkaline diluent is used to demonstrate the coarse suppling m the red cells m 
malignant tertian malaria, and to stain spirochetes. To demonstrate Treponema pallidum 
the film is stjmtd for 2 to 12 hours 

The panoptic stain (or ‘'combined Gicmsa") is somewhat superior to the simple 
Giemsa stain fur blood films The air-dried film js first stained with /enner's stain (identi- 
cal with the May Grumvald stain), or with Wright's stain, as above outlined The film is 
washed and without further fixation is counterstained with diluted Gicmsa ’s stain. 

Hematoxylin and Eosin. This stain is useful if good preparations of the preceding stains 
arc not available, and is preferred by many for Arneth counts. Films are best fixed by 
heat, although alcohol may be used 

Hevt r»\vnoN 1 If a drying oven is available, the films are placed in the oven, heated 
gradually to 150' C , and allowed to cool gradually in the oven 

2 The films (preferably more than 24 hours old) are placed face down on a copper 
bar, along with a crystal of urea They arc heated gradually over a small flame until the 
crystal melt* (H5’ C ), then the bar is allowed to cool T odd advised using a tartaric 
acid crystal, which melts at about 168* C, and removing the films when the crystal 
melts H fresh films are to be fixed, the films are left two minutes after the flame has 
been removed The flame should be so adjusted that five to seven minutes arc required to 
melt the crystal 

3 Absolute alcohol is poured over the film, the excess quickly drained oil, and the 
remaining film of alcohol is ignited. 

pjtrxtru ar Fix the film, preferably by heat. Stain with any good hematoxylin solution, 
such as Dclafield s (or Meyer's licoulum), for 5 to IS minutes Wash in tap water for 
two to five minutes to develop the hematoxylin color Counterstain either with a 1 . 1000 
aqut«u* c<»>m solution or with a 05 per cent costn solution in 70 per cent alcohol for 
15 to H) seconds, and then wash and examine 
This method slams nuclei and eosinophilic granules slurply, but jt does not stain 
neutrophilic granules, platelets, malarial parisites, or basophilic cytoplasm m red cells 
Peroxidase Slain: Goodpvstlxe’s Stun Thu is simple and gives excellent preparations, 
but some cxj<rieme with the slain is necessary to get satisfactory results consistently 
Formula sodium fittrnpnitsidc, 005 Cm, benzidine (C.P ) (farmer, 0 05 Cm, basic 
fuchun, 0 10 Cm , alcohol, 95 per cent, 100 ml The nuroprusside is dissolved m about 1 
ml of water m a mortar. The alcohol and (hen the other ingredients are added The 
Haul (without peroxide) should keep for several months A weak Siam is usually due to 
detenu ration of the benzidine, or a poor preparation. It may some limes be revived by 
adding a little additional benzidine. 

rxocxDvxc Use air-dned films, prrfcrably less than 24 hours old. Cover the film with 
the stain and a’lovv it to stand one minute to fix Add an equal volume of I 2lHJ ddutw n 
of hydrogen peroxide, and stain five minute*. Then wash in water, dry', and mount It 
may be counterstained with Wright'* stain if desired. 

S»to »mi Smisi Srvis Uu* is preferred by some workers. Solutions (I) Copper 
sulfate, 05 fim , in 100 ml water (2) benzidine, 002 Gnu, is ground m » few drops of 
water, and diluted to 200 ml and filtered Then 025 ml. of f per sent hydrogen peroxide 
i* added. The solution is stored tn the dark in a brown bottle (5) Safranm, 1 per tent 
aqueous solution 
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rrr ?? vcr ,f " fflm ' v " 1 ' cbppCT ( «< »> d,* at,,, 

apply the benzidine solution lor eight minutes. Drm and stain with safnnin i„ 
wo minutes Wash, dry, and mount. 

One must make certain that the solutions used stain thc granules in norma! Mood 
before attempting to stain pathologic blood. 

The granules of the granular leukocytes are stained a deep blue (or brownish ia tM 
o\ erstatned films). Myelocytes and promyelocytes contain similar granules Monocjt« 
contain a smaller number of fine, bluish granules. Lymphocytes ne'er contain granules 
Thc method is, therefore, useful in differentiating lymphocytes from early myelocjtes a 
, acute leukemia. The fact that myeloblasts in the strict sense do not <how gramta, 
despite earlier statements to the contrary, to some extent restricts the conclusions Km 
can be drawn from the method. 

Differential Count. The sained film is inspected, and if the cells are evenly distributed, 
well stained, and not smudged, it is examined under the oil-immersion lens with a ire 
chanical stage. If the film is on a cmerslip, it is desirable to move the slide back ami 
forth from one margin of the film to the other, in the direction in which the films une 
pulled apart. Every consecutive cell should be identified and recorded until at least 25(1 
cells have been counted. If the count is abnormal a second 250 should be counted on a 
second coversbp. If the film is made on a slide, the count should be made by mown? 
back and forth at right angles to the margin of the film from the edge of the film to a 
point several microscopic Reids in from the margin, fn this way the uneven disinbufm 
of leukocytes in such films is partly compensated. As a minimum, 50 cells at four jbctiu 
five) different parts of the film should be counted (Schilling’s four field meander 
method) 

Separate headings should be made for each of the types of normal leukocytes and br 
all the immature types which may be present The neutrophils should be subdivided inm 
cells with completely segmented nuclei, and cells with incompletely segmented, bjofl 
shaped nuclei of mature and immature type. Nucleated red cells should be recorded 
not included m the 250 cells counted Occasional smudged Cells must be included, art 
placed in the proper group if they can be identified, or recorded as smudges if iden'iw* 
tion is not possible Films of normal Wood containing many smudges are not fit or 1 
count, but m some pathologic conditions in which large, fragile cells are present, U na ‘ 
be impossible to avoid smudges 

Determination of the Diameter of the Red Corpuscles. Price-Jones Curve. By m 
of a hemacytometer chamber or some accurate stage micrometer, an ocular nvvctocflc 
is calibrated for use with the oil-immersion lens It greatly facilitates the jneiwtemc 
if, by altering the length of thc draw tube, 50 points on the micrometer scale can c W ^ 
to coincide with the width of one of the smallest squares of the hemacytometer \ f 
Then measure precisely the diameter of at least 200 red cells (preferably 500) in a 
film stained by Wright’s stain. It has been shown that the averse Ornette » 
made films is slightly less than in fresh preparations Move the vVe by wtms° 
chamcal stage from right to left, with the long axis of the micronw'^r graduations F 
to that of the slide, and measure to the nearest 0 5^ the horizontal ^ amct f r 0 „ 

round (not distorted) cell passing across the center of the held Many Lngvs twIJ 
measure to the nearest 025p, but this is scarcely possible without Sf«'‘ P 
apparatus. The figures obtained are plotted on a chart, as in accompanying ' f 
Jt is useful also to plot the figures of normal blood for comparison, ut a g ^ 
precise estimate of the degree of microcytosis or macrocytosu present a 

amsocytosis. , According $0 

Normal blood shows a curve with a high peak and 3 narro ^pge 

Price-fortes the mean figure for the peak in normal blood is / 2p> W1 ® * , /j-Jicr 
from 6.7 to 7 7 P . Many observers .ft this country base reported figure abouj ^ 
Each observer must establish his own norma) standard by to 
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Two-thirds of the cells fall within 0 5/* of the peak value. In anemias the peak, is lower 
and the base broader The degree to which the base of the cune is spread out is a 
measure of the amsocytosis This may be expressed numerically by calculating a co- 
efficient of variation, which is 5 8 for normal blood, and may reach 13 or more in set ere 
anemias. In pernicious anemia and other macrocytic anemias the peak is at a point above 
77p, whereas in most “secondary” anemias, in chlorosis, and in idiopathic hypochromic 
anemia it is below 6 7/*. The procedure is tedious and impracticable for routine clinical 
purposes, but in selected case* it gives information that cannot be obtained in any other 
way 



Price Jonn curves of normal blood, *rul •>/ rates of 
h\pm bromic and pernicious anemia (Combined anil modi- 
fied from Price-Jones ) 


The average diameter of the red cells in a film can be determined simply and quickly, 
hut with somewhat less precision, by means of the haiometer of pqper (1929) or the 
erythroeytometer of ] laden This does not determine the degree of amsocytosis, how- 
ever 

Thick Films. These are of the greatest practical assistance in searching (or rrularta! 
parasites (particularly when (hey are present only in small numbers m the peripheral ctr 
cul.it ion), for Irvpanosomes, spirochetes of relapsing fever, and filarial embryos The 
method as described by Benavides (I9H) luv given very satwfactory results at the U S 
Naval Medical School, and is recommended Experience is necessary in staining and in 
terpreting thick films 

\ large drop of Mood is spread on a slide with q toothpick, or by tilting the slide, so 
that the blood n spread oser an area l a inch in diameter Thu is thoroughly dried in sir 
It ordinarily requires one to two hours at room temperature, or 30 minutes in the meu 
baior The film mini be protected from insects w hdc dry tng 

A modified Gionua stain is used AH utensils must be chemically clean, and the 
reagents of die tughrvi grade Two and four tenths Om of Azur lleovin arc pbeed in 
an Irlenmever flask, 200 ml anhydrous glycerin arc added, the flask n stoppered and 
braird in j waier bath at (A)’ C. for 30 minutes, during which tune it is shaken oe 
.asionalls Then Jilf) ml anhydrous methyl alcohol arc added and mixed, tie (Ink i' 
returned to the wjler bath and shaken once or twice It is placed in an incubator over- 
night and tfien filtered Tint stock stain i« stored in tightly stoppered bottles in the da/L 
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I or u*e, I ml. of the Siam .* added to 30 ml. distilled water (1 or 2 drops to 1 ml) 
fminx a pH of /.0 to 7.2, or to fresh ram water. The stain and water are mixed and 
placed in a staining jar. The dried film, without fixation or preliminary him, km 
metsedm the diluted stain in a vertical position, and left for an hour and a ha)/ J H 
rimed by dipping eetuly in two changes of water. It is then dried thoroughly, and 
mounted m oil or balvini. Tlie chromatin of the parasites takes a more brilliant red eoh 
than w/t/i the ordinary Ciicmsa or Wright stain. 


IlMO fbilic Asgrc&uion Test (McCord « a)., 1924). This is useful in esses of suspmtf 
poisminp, ,incc it concentrates the cells to some extent end males the bisopHe 
material more readily visible. 

Make films about three times as thick as for a differential count , and dry thorough? 
as for thick films. Stain without fixation for 10 minutes with Manson's methylene blue 
(2 per cent methylene blue and 5 per cent borax in distilled water). Rinse p? the mu 
by dipping the films gently into distilled water several times Dry thoroughly and examine 
under the oil immersion lens. Count the number of clumps of the small dark blue 
granules in a large number of fields. 


Supravital Staining Methods 

Reticulocyte*. To demonstrate reticulocytes the red cells must be brought intoconuct 
with the stain while fresh and moist, brilliant crcsyl blue is usually employed We prefer 
A 7 ur If. 


I Clean covcrvhp* ate coated with a thin film of crcsyl blue by dipping them into e* 
flooding them with a 0.5 per cent alcoholic solution of the stain, and allowing them to 
dry- blood films arc mac/e on these cosershps in the usual way and dried in air. They may 
then be mounted in balsam and examined, or they may be counters tained with Wright i 
stain This method is widely used and gives fairly satisfactory results for routine dime 1 
purposes, but it doe* not show JlJ the reticulocytes. 

2. A clean slide is filmed with stain, as described above, and a drop of blood on 1 
clean coverthp is mounted on the slide, rimmed with petroleum jelly, and examined 
30 minute* This method stains the reticulocytes more heaiily and m somewhat togs 
number, by these methods the count irt normal blood is from D 1 per cent to 05 per tf*- 

3 Osgood’s method (1934) is more efficient. In a small test tube, equal \o\um« 0 

ox3lated blood and a 1 per cent solution of cresy 1 blue in physiological salt sol^ 5 ® * 
mixed and allowed to stand for one minute or more. They arc again mixed, and thin ^ 
made These arc dried in air, mounted in oil, and examined within 24 hours; os. ^ 
secure permanent preparations, they are countcrstamed with Wrn'ht’s want ®° ^ 
hours old may be used This method gives counts tsvo to three times higher 
preceding methods. Osgood’s figures for normal blood are 05 per cent to 38 c 
averaging I 5 per cent , fr. 

4 One Gm of Azur II is dissolved in 100 ml. absolute ethyl alcohol. This stoc 


tton seems to work better alter standing for about six months. i, t SW« 

One part of stock solution is diluted with four parts of absolute eth) * cc °. n 0 ( 
cleaned as in method (2) (described on p. 337) are dipped mto this working 
stain, drained, and dried in air They arc polished Sightly with lens paper. , gjt 
is touched with the center of a clean covers!#*, the covershp, mop “ c , e n 

surface, and the slide lowered gently onto it so that the weight of u * 1 c j^c 

spreading of the drop. The covershp is scaled with petroleum jelly and aamw ^ 
after 10 minutes This method stains the reticulocytes with mwmum in J* ^ 
even single granulations stand out conspicuously. Counts obtained bj 
are much higher than by the usual methods and cannot be compared ^ ^ 

them. The leukocytes are also stained by this procedure, and retain n!jc IeoIos. 

motility for a considerable time. The lymphocytes are xccognue y a 
neutrophils, by sharp, elongated, finger-like pseudopods; eosinophils, by a regw 
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type of granulation; basophils, by irregular clumping of the granules and early staining of 
the nucleus; and monocytes, by blunt, wide pseudopods and occasionally by the ingestion 
of foreign particles 

This method has been used with satisfaction in the laboratories of the U. S, Naval 
Medical School 

On a film stained by any of these methods the total number of red cells and of 
reticulocytes in a series of oil-immersion fields is counted until 1000 red cells have been 
counted To reduce the size of the field to practicable dimensions a piece of stiff paper 
with a square hole about Jit inch in diameter cut in the center is inserted in the eye piece. 

Leukocytes (Sabin's Method). 1 Perfectly clean slides are brushed free from dust, 
flamed, and dipped in a dilute alcoholic solution of biologic neutral red. Tins is drained 
off immediately, and the slides are placed upright on one end and dried in air. For average 
blood a 004 per cent solution is used A stock solution is prepared by dissolving 0 I Gm 
of neutral red m 10 ml absolute alcohol For use, 04 ml. of this solution is added to 
10 ml absolute alcohol 

2 To 2 ml of this dilute solution are added 3 drops of a saturated solution of Janus 
green in absolute alcohol Similarly slides are prepared with this solution of the combined 
stains 

With a clean coverslip a drop of fresh blood is mounted on one of these slides as in 
making an ordinary fresh preparation It must spread evenly without pressure. The cover- 
slip is rimmed with petrolatum, and the slide placed at once in a warm box or on a 
thermostatically controlled warm stage, at 37* C ft is examined with the oil immersion 
lens, care being taken not to jam the objective down onto the covcrshp when focusing. 

For most purposes the neutral red alone is preferable, as it is practically nontoxic, and 
the cells usually remain alive and motile for an hour or more Janus green stains the 
mitochondria which are numerous in immature cells, and thus gives additional informa- 
tion, but it is quite toxic The cells usually lose their motility and die after J5 to 20 
minutes 

In neutral red preparations the granules of the polymorphonuclear neutrophil/ appear 
as uniform, fine, family reddish-stained structures There may be one or two red vacuoles 
present. The healthy cells show constant active ameboid motility with streaming of the 
granules within the cell. They often move across the field with surprising rapidity 
1 xccpt when dying they arc rarely seen rounded up, as in fixed films 
The eo/inophilf contain round, coarse granules of uniform size, somewhat more deeply 
stained chan the neutrophilic granules They also show motility, but ate somewhat less 
active than the neutrophils 

The bjsaphtlt show round granules vjrying in size and depth of staining, but some arc 
usually more deeply stained than in the preceding tvpcs They show sluggish ameboid 
mouhty 

The granules of the fAycIocyta take the red stain in a similar manner These cells are 
not motile (except in hanging drop), show no streaming of the granules, and contain no 
vacuoles 

The lymphocyte/ show a strikingly clear cytoplasm without any granules They contain 
from one to several reddish staining vacuoles which arc variable in sire and shape, and 
may increase in size a* the preparation stands With Janus green they typically show- a 
Jump of relatively coarse, rod shaped mitochondria opposite the nucleus Tlic large 
lvmph«)ie» and many of the small ones show little or no motility, but manv of the 
intermediate forms show sluggish progressive ameboid motility which is characterized by 
the fact that the nucleus it usually in the front of the advancing cell, and the posterior 
end iv prolonged into a blunt tad like projection giving the cell the dupe of a hand 
mirror Hie coarse chromatin mavvet tn the nucleus can easih Iw seen 
The monocyte/ show red particles which sary from fine granulations to coarse vacuoles 
They usually contain moderately numerous, small sacuoles, coarser and redder than the 
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^ ™' >vi " c j cli ’ hBC sW naming within the eftophsm, to 
ti hen the cell rounds up they tent! to be arranged in a rosette pattern aboot the 

mZnr "hi h • T 3V “ y ° £ ' h ' Th ' C '" s ofK " show «™tod 

motility which is much more slusstsh titan that of neutrophils and of a “sMinc" npc 
They may round up, and show a neatly constant wavy motion of their marcias, nid 
numerous, relatively small pseudopods which may be slender and filiform, or broad and 
rufl/e-sh3pcd, quite similar to the irre^ybrnies occasional}}’ seen in sained Rims They 
are actnely phagocytic. Janus green stains fine mitochondria diffusely scattered through 
the cytoplasm. 


Sabm differentiates the monocytes sharply from the clasmntocytes, or histiocytes, the 
wandering phagocytic cells of the reticulum, which appear in the blood in certain patho- 
logic condition!, and occasionally in Small numbers in normal blood. These cells are 
more actively motile and phagocytic than the monocyte. They show more numerous 
vacuoles winch arc often coarser and vary more in site and color than in the case of the 
monocyte, and show no tendency to assume the rosette pattern. 

In the hands of Sabin and her associates this method of staining has been of great 
value as a research procedure For ordinary clinical purposes its chief value is in the 
identification of monocytes, and in their differentiation from myelocytes on the one hand 
and from lymphocytes on the other. The distinguishing criteria are more definite and 
decisive than in the case of stained films. It is also of assistance in the recognition oi 
immature cells, rich in mitochondria. 

Myeloblasts contain many mitochondria diffusely scattered throughout the cytoplasm 
They arc minute, spherical, comma-shaped or fine, threadlike bodies. They persist in the 
earlier myelocyte stages, but may be hidden by specific granules. In the lymphocytes the 
mitochondria are coarser, short, thick rods svhtch may be arranged in one or two rows 
encircling the nucleus, or may be clumped opposite the indentation of the nucleus In 
primitive monocytes they appear as numerous, fine, spherical or slender rodhke bodies, 
diminishing in number as the cell matures 

Sabm emphasizes that no valid conclusions can be drawn from preparations in which 
the cells are dead. She regards any staining of the nucleus as indicating a dead or dying 
cell Those not skilled in the procedure are advised to depend maiflly upon preparations 
stained with neutral red alone 


Miscellaneous; Examination 

Fragility of the Red Corpuscles (Resistance of Red Cells to Hypotonic Sah 
1 In a porcelain evaporating dish put 3 few grams of pure sodium chloride, an 
ovet a flame with constant stirring until all moisture has been driven off Coo 1 ^ 
desiccator Make a 1 per cent solution by dissolving exactly / Gen. in distilled w4 er 
a 100-ml volumetric flask, dilute to volume and mix . l 

2. In test-tube racks, two series of 15 small test tubes each are set up, using g ass * ^ 

has been acid-cleaned, thoroughly rinsed (the Jasf rime in distilled water), an tie 
each set of tubes is prepared a series of dilutions of salt solution, ranging *f° m , ^ |S 
cent to 06 per cent, in steps of 0.02 per cent, with a volume of 2 ml m eac ,u c \ { \ 
may be done conveniently by adding to each tube in each set (with a tetoop vv 
first 1 per cent salt solution beginning with 0 6 ml in the first tube, and me ' ^ 
quantity by 004 ml. in each succeeding tube, and, second, distilled water, eg f ^ 

1.40 ml. m the first tube, and diminishing the quantity by 0 04 ml m each s ^ $ 

In laboratories in which many tests afe made it is simpler to prepare eac ^es 
100 ml. quantities, and add 2 ml of the proper dilution to the cor ■ sp ' 

when setting up the test. In tightly stoppered bottles they °” ev . ddc d and to 

3. To rad. mire m the first set one drop of the, blond to he „W, 

cadi tube in the second set one drop of normal (control) Wood a and 

normal blood must not be omitted One may aspirate 2 m . 
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drop it directly into the tubes from the tip of the 
necessitates precise and speedy manipulation to r 
blood into a syringe containing one tenth H" % 
prevent clotting (oxalate may be used), P.v i 
pipet off the supernatant fluid, and stispt nd >' 
salt solution With a capillary pipet add . i 
syringe (as well as the glassware) us i 
solution 

4. The tubes are shaken well and * * 
two hours or more, until sediment »* 

5. Record: (l) the concentration i 
of hemolysis appears (the minim * 

«v the first tube in each series in ■ ' 

(normally about 032 per c?r»‘ 
disregarded 

(5 Compare the figures t*'” 
clear-cut difference of (JIM * 

The resistance is t! * 
most other type* of ?i - * 
increased. It b much i 

Gansstcti ^1922) 
probably due t*< 

unusual . Vi 1 
and s til t» 
can * r* 

lh» . 

i rlv 




nation ( American Journal of the MeJtfol 
1926 ) 

, ill v healthy individual) 
il!\ quiescent tuberculosis), 
mcally slightly acme tuberculosis) 

(clinically markedly active tuberculosis) 


i ima Microscopic examination show* that 

uiated with, and closely parallels, increased 
^ 1 uleaux arc much larger and more compact 


has been observed empirically chiefly in: (1) 
i gnancy after the second or third month, and 
ms of all types, and active chronic infections, 
is. (4) “Nephrosis ” (5) Advanced malignant 
(7) Any condition associated with necrosis or 
including coronary thrombosis. It is not, as a rule, 
chronic focal infections, in benign tumors, in un- 
ir m purely psychoncurotic states. 

Ac fever or leukocytosis, it n not diagnostic of any 
finally not accelerated in individuals showing patho- 
s would be expected. An accelerated rate points to the 
attic disease, and indicates the need for thorough in- 
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r" thcsc show stram " ,s ' viihi " <>* h. 

when the cell rounds up they tend to be ranged in a rosette p a „e,„ A*,'” 
cen mtphere m the concavity of the nucleus. The cells often show program. ,moW 
motility which » much more sluggish than that of neutrophils and of a "siding" n™ 
They may round up, and shosv a nearly constant waty motion of their margins, with 
numerous, relatively small pscudopods which may be slender and ffltforttt, or broad and 
ruffle-shaped, quite stroilar to the irregularities occasionally seen in stained films. Thq 
arc actively phagocyte. Janus green stains fine mitochondria diffusely scattered through 
the cytoplasm 

Sabm differentiates the monocytes sharply from the elastnatocytes, or histiocytes, the 
wandering phagocytic cells of the reticulum, which appear in the blood in certain patho- 
logic conditions, and occasionally m Small numbers in normal blood. These cells are 
more actively mottle and phagocytic than the monocyte. They show more numerous 
vacuoles which arc often coarser and vary more in size and color than in the case of the 
monocyte, and show no tendency to assume the rosette pattern. 

In the hands of Sabin and her associates this method of staining has been of gttst 
value as a research procedure For ordinary clinical purposes its chief value is in the 
identification of monocytes, and in their differentiation from myelocytes on the one hand 
and from lymphocytes on the other. The distinguishing criteria are more definite and 
decisive than jn the case of stained films It is also of assistance in the recognition of 
immature cells, rich in mitochondria 

Myeloblasts contain many mitochondria diffusely scattered throughout the cytoplasm 
They are minute, spherical, comma-shaped or fine, threadlike bodies They persist m the 
earlier myelocyte stages, but may be hidden by specific granules In the lymphocytes the 
mitochondria are coarser, short, thick rods which may be arranged in one or two W»J 
encircling the nucleus, or may be dumped opposite the indentation of the nucleus. In 
primitive monocytes they appear as numerous, fine, spherical or slender rodlike bodies, 
diminishing in number as the cell matures 

Sabin emphasizes that no valid conclusions can be drawn from preparations in w nicn 
the cells 3re dead. She regards any staining of the nucleus as indicating a dead or dying 
cell Those not skilled in the procedure arc advised to depend mainly upon preparations 
stained with neutral red alone 

Miscellaneous Examination 

Fragility of the JRed Corpuscles (Resistance of Red Ceils to Hypotonic Salt 
1, In a porcelain evaporating dish put a few grams of pure sodium chloride, an ^ 
over a flame with constant stirring until all moisture has been driven M 

desiccator Make a 1 per cent solution by dissolving exactly 1 Gm. in distilled «a e 
a 100-ml. volumetric flask, dilute to volume and mix 

2. In test-tube racks, two senes of 15 small test tubes each are set up, using gla ^ 
has been acid-cleaned, thoroughly rinsed (the last time in distilled water), an ” c ,* 
each set of tubes is prepared a senes of dilutions of salt solution, ranging 

cent to 06 per cent, in steps of 0 02 per cent, with a volume of 2 ml in cac « * . j 
may be done conveniently by adding to each tube in each set {with a in /tk 

first 1 per cent salt solution beginning with 06 ml. in the first tube, and .*”* • 0 Anh 
quantity by 0.04 ml. in each succeeding tube, and, second, distilled water, & * 

1.40 ml in the first tube, and diminishing the quantity by 0 04 ml m “ l!ut ; 0 n in 

In laboratories m which many tests arc made it is simpler to prepare wbif 

100 ml. quantities, and add 2 ml of the proper dilution to the corr ”P° {hs 
when setting up the test. In tightly stoppered bottles they keep for sevc ^ , 0 

3. To each tube m the first set one drop of ** 

each tube m the second set one drop of normal (control) blood a >c ;„ a od 

normal blood must not be omitted. One may aspirate 2 ml. of blood 
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drop it directly into the tubes from the tip of the needle, without any anticoagulant. This 
necessitates precise and speedy manipulation to avoid clotting We prefer to aspirate the 
blood into a syringe containing one-tenth its volume of 3 per cent sodium citrate to 
prevent clotting (oxalate may be used). Pack the cells in a graduated centrifuge tube, 
pipet off the supernatant fluid, and suspend the cells m an equal volume of physiological 
salt solution. With a capillary pipet add one drop of cell suspension to each tube The 
syringe (as well as the glassware) used must be dry or rinsed with physiological salt 
solution 

4 The tubes are shaken well and set aside (at room temperature or in the icebox) for 
two hours or more, until sedimentation is complete 

5. Record - (1) the concentration of salt in the first tube in each series in which a trace 
of hemolysis appears (the minimal resistance, normally about 0.44 per cent) ; and (2) that 
in the first tube in each senes in which hemolysis is complete and there is no red sediment 
(normally about 0 32 per cent) The presence of a little colorless sediment (stroma) is 
disregarded 

6 Compare the figures for the blood in question with those for the normal control. A 
clear-cut difference of 004 per cent may be regarded as significant 

The resistance is diminished (fragility increased) chiefly m hemolj'iic jaundice. In 
most other types of anemia and in obstructive jaundice the resistance is normal or shghdy 
increased. It is much increased in Mediterranean anemia, in which the cells are thin. 

Gansslen (1922) and Haden (1934) have shown that the diminished resistance is 
probably not due to any abnormality in the chemical composition of the cell, but to its 
cnusual shape When red cells are immersed in hjpotomc salt solution they absorb water 
and swell until the osmotic pressure is equalized The normal red cell, which is a flat disc, 
can increase markedly in volume by assuming a more spherical shape, before physical 
rupture of the cell occurs. The cells in hemolytic jaundice are narrower and thicker, are 
more nearly spherical to start with, and a relatively slight degree of swelling suffices to 
cause their rupture and hemolysis. There is no constant relation between diminished re- 
sistance to hypotonic salt solution and susceptibility to other hemolytic agents. 

Sedimentation Rate of the Red Corpuscles. This is determined by filling a suitable 
graduated tube with well-mixed oxalated blood, and either observing the time required 
for the upper level of the column of red -cells to fall to some fixed point in the tube, or, 
preferably, observing the amount of fall during certain definite time intervals Many 
different methods, each with its own special tubes, have been employed, of which those 
of Linzenmeyer, Westergren, and Cutler are the best known These give equivalent re- 
sults, but the normal figures are different for each method. The results would be com- 
parable if expressed as the percentage of the length of the column (as m Wmtrobe’s 
tubes) instead of in millimeters 

Wintrobe and Landsburg's Method We have found Wintrobe’s hematocrit tube 
satisfactory and very convenient, since with it an accurate determination of the cell 
volume can subsequently be made with the same specimen of blood. The tube is filled 
to the lCkcm mark with well-mixed oxalated blood (see section on Determination of 
Cell Volume). Blood may be used within 2 or 3 hours after venepuncture, older speci- 
mens give too slow a rate The tube is placed in exactly a vertical position in a suitable 
rack, or in plasticine It must not be moved or jarred during the period of observation. 
Reading is made at the end of one hour, and m special cases also after 10, 20, and 30 
minutes The cell volume is determined as previously directed A correction (approximate) 
for the accelerating effect of anemia, if present, may be made by means of the chart, 
p. 316, from Whitby and Hynes (1938) 

The corrected rate for normal individuals during the first hour is 2 to 9 mm (rarely 
over 6 mm) for males and also for females, if the same figure (45) for normal cell 
volume is used, although there is greater variation among females than among males. 
Although this correction largely eliminates the effect of dilution on the sedimentation rate 
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in normal blood, it appears to add little to the precision of the test when apphe 0 
pathologic cases In patients with severe anemia the charts tend to give an excessive cor 
rection The uncorrected as well as the coriected figures, therefore, should be recor c 
in all cases , 

Cutlfr's Method This is simple and has been extensively employed Into a > 
sterile syringe aspirate 0 5 ml of sterile 3 per cent sodium citrate solution. Puncture 
vein, and aspirate blood to the 5-ml. mark Draw back the piston, mix the contens o 
syringe, remove the needle, and expel the blood into a Cutler sedimentation W * ^ ^ 
the tube in a rack in a vertical position, and record the upper level of the co ^ 
red cells every five minutes for an hour. The observations may be p 0t j ? » 0 10 nun 
charts The normal readings at one hour are given as 2 to 8 mm for nen ana 
for women 

Significance. Many different factors influence the sedimentation rate, ^ 
mechanism of the process is not understood. In general, the highert e co 
blood, the greater will be the fall (in mm.) in a given inters 3 ^ j j n a 
inversely with the number of red cells present. It is mar e y ® cce * 3n d 
variety of pathologic conditions m which there is an increase in t e g 
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Cutler's graphic chart for recording blood sedimentation ( American Journal of the Medical 
Sciences, June 1926) 

X X Horizontal line (clinically healthy individual) 

- — — • * Diagonal line (clinically quiescent tuberculosis). 

O — O Diagonal curve (clinically slightly active tuberculosis) 

-XX XX Vertical curve (clinically markedly active tuberculosis) 

particularly in the fibrinogen of the plasma Microscopic examination shows that 
the accelerated sedimentation rate is associated with, and closely parallels, increased 
rouleaux formation (Fahracus) The rouleaux are much larger and more compact 
than in normal blood. 

An accelerated sedimentation rate has been observed empirically chiefly in: (I) 
Anemias of all types (2) Normal pregnancy after the second or third month, and 
the puerpenum. (3) Acute infections of all types, and active chronic infections, 
including syphilis and tuberculosis (•() "Nephrosis.” (S) Advanced malignant 
tumors (6) Internal hemorrhages (7) Any condition associated with necrosis or 
extensive destruction of tissue, including coronary thrombosis. It is not, as a rule, 
increased in relatively inactive, chronic focal infections, m benign tumors, in un- 
ruptured ectopic pregnancy, nor in purely psychoneurotic states. 

It is thus not specific, and like fever or leukocytosis, it is not diagnostic of any 
particular disease. It is occasionally not accelerated in individuals showing patho- 
logic conditions in which this would be expected. An accelerated rate points to the 
existence of significant organic disease, and indicates the need for thorough in- 
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\uux3um. Wr W found ii mrfu), on this hztU, 3 $ pan of a routine diagnostic 
»tud>. * 

tn general there tt a rough parallelism between the activity of an infection acd 
ihc ilr^icr of acceleration of the rare, particularly the fail during the first 15 to 3-3 
immttrs, llif relationship in the case- of ttilverculosi* is shown in the preceding 
chart from Cutler. lie rcgauls the sedimentation rate as mote valuable than the 
temperature curse, the pulse tate, or the liody weight as an aid in estimating the 
activity of Uthcicuhtm and in guiding treatment and advocates the test as a 
routine procedure in the stud) of this disease. 


Mood N sslume. Thu may be determined l«y the method of Keith, Rountree, ard 

drraghty 

1 Prepare a 1.5 p^r cent solution of Congo red (biologically tested) by dissolving 
0 175 CJm m 25 ml. freshly distilled ssater; filter, stetilirc by boiling, and cool, (If the 
dye preparation ss not Itimm to l*c suitahle, rest for toxicity by injecting some of iff 
solution intravenously into a slog ) 

2 Withdraw just 10 ml of Mood wii/i a sterile, dry, calibrated retard synrgt and 
needle, expel into a graduated lSnvl centrifuge tul>e containing 2 ml. of 1.1 per cert 
sodium oxalate solution, and mix 

1 Inject the dye solution intravenously through the ume needle, as aiding leakage 
The dose in ml i» drtrrnimrd by dividing the body weight in litograms by A 

A I our minutes later (not less dun three nor more than six), withdraw 10 ml. 
from die other arm with a difTrtent dean needle and syringe, and put into a secoco 
similar centrifuge tube containing 2 ml of the oxalate solution. 

5. Centrifuge both tubes until the cells ate paclcd. Record the foul volume and th 
uiliime of faciei! cell* in rat h tvW. and tale the average. The volume 0/ diluted plasra 
is determined by subtraction , . 

6 Prepare a standard l>> adding to 2 ml of diluted plasma from the firit tube, r. 

of O’t j«er irnt siKlium chloride solution, and 2 ml of a 1 : 200 dilution of the 1** 
irnt solution of die dye , 

7 To 2 ml of dilutes! plasma from the second rube add 6 ml of 0-9 per cent 1U " 


chloride solution 

h Read m ctdiwwnrirr , >^ 0 

9 The dilution factor 11 sfetermincd as follosss Tlie plasma in Kith tube* * 
diluted Stub 2 ml of oxalate solution The actual plasma volume a therefore m. 
diluted plasma - 2 ml 

Dilution (actor = V.Uuntc of ,(tlun:.( flau n a -J; a „ ou , „ 

Volume of dilutes! plasma 
Plasma per sent = actual plasma volume / 10. 

Calculation If a Duhoscq t>7«e of colorimeter is used' 


Total tiloot. plasma tn tnf - - * ■— — * ® * 

dilution factor. , . v 

Total plasma volume X 100 
Total blood tolume mini = i’la.ma per cent 

In thn procedure hrmnlpit now be irnrptrlmasJp astuded or grott err 

The result n usually expressed to terms o( mini blood rer jf„«'arpltn Mc 
The usual normal (or adults Is 70 to 90 ml. per lolngram. am y|oidosir ) 

to patients noth "nephrons" or amylotdons (See Congo red test for atn> 
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By the carbon monoxide method the average normal volume is 60 to 70 ml. per kilo- 
gram It is preferable in conditions showing abnormalities in the red cell count, but re- 
quires the special equipment and training necessary for precise gas analyses The reason 
for the difference in these figures is that the carbon monoxide is all combined with 
hemoglobin within the cells, whereas the dye, which is dissolved in the plasma, pene- 
trates into partly collapsed capillaries into which the cells cannot enter Both methods 
measure only the blood which is in active circulation and not that which is in the spleen 
pulp and other stagnant areas 

The blood volume shows remarkably little variation in normal individuals in spite of 
great irregularities in fluid intake and excretion. It is markedly increased in erythremia. 
Increases (usually less marked) have been reported in the secondary polycythemias, and 
slight increases in leukemia, in conditions associated with splenomegaly, and particularly 
during the latter half of pregnancy Marked decrease occurs in shock following acute 
hemorrhage and in conditions associated with dehydration The volume is normal in 
essentia] hypertension and chronic nephritis 

Biopsy Examinations. These examinations frequently give information of great diag- 
nostic value Sections of enlarged lymph nodes, fixed and stained by the usual methods, 
usually give an immediate, definite diagnosis in cases of Hodgkin’s disease, lymphosar- 
coma, or lymphatic leukemia, either in the leukemic or leukopenic stage. Examination 
of the bone marrow may be equally helpful A small portion can be removed with a 
trephine under local anesthesia, usually from the sternum. The tibia has not proved to 
be a satisfactory site for biopsy, since the tibial marrow often fails to show hyperplasia 
when it is present m the proximal long bones. Portions of tissue obtained by trephining 
should be fixed in formalin, Zenker, or sublimate-alcohol, and cut in thin sections. If 
stained with Wright's stain, the specific granulations of the leukocytes can be made out. 
One may also make imprint preparations or thin smears of the marrow on clean cover- 
slips A better method (Isaacs) is to make a fairly thick suspension of marrow cells in 
homologous plasma or scrum (it must be from the same blood group), by teasing and 
gently agitating a bit of marrow in a few drops of serum Films from such a suspension 
arc made and stained in the same way as ordinary blood films In satisfactory prepara- 
tions the fine details of cell structure are preserved, and accurate differential counts can 
be made 

In patients with serious blood diseases such procedures are not without risk, both of 
infection and bleeding They should be performed with asepsis as strict as that demanded 
for a laparotomy. 

Sternal Marrow Aspiration A study of sternal marrow obtained by aspiration by a 
modification of Annkin’s method has yielded results of great practical value and should 
be a routine procedure in most cases of blood dyscrasia in which the diagnosis is in doubt 
Although not so dependable as a biopsy, this obviates the need of the latter tn many 
cases If the results are inconclusive, however, and particularly if they suggest an acellular 
or “aplastic” marrow, a biopsy should also be carried out 

A No 18 gauge lumbar puncture needle 4 cm long is used (aseptic precautions, pro- 
caine infiltration) With the point at the center of the sternomanubnal junction, the 
needle is held at an angle of 60 degrees with the chest wall, pointing caudad, and gently 
forced through the external lamina Care must be taken not to let the needle jump 
too deeply into the sternum when the lamina gives way The base of the needle is then 
depressed to an angle of 30 degrees, and the needle is gently forced in to a depth of 
1 to I 5 cm The stylet is removed, a 2 ml syringe is attached, and 0 2 ml (not over 
05 ml ) of marrow contents is gently aspirated Removal of a larger volume is apt to 
result in an undesirable dilution of the marrow contents with blood If necessary the 
needle is routed, and ihe position of the tip varied until material is obtained The ma- 
terial, which looks like blood, is expelled into a small tube containing 2 mg potassium 
oxalate per ml The needle is removed, and the puncture wound sealed with collodion. 
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Films and cell counts are made from this just as from oxabted blood The cell ch mo 
tens tics arc clearly defined. 

The procedure is practically painless, and without risk provided asepsis is perfect and 
the needle is not pushed entirely through the sternum so that the possibility of injury to 
mediastinal structures or introduction of infection is avoided. The needle should be pro- 
vided wtii a movable guard to present this accident. Some prefer to drive the needle 
through the lamina by tapping gently with a small mallet. 

A thorough acquaintance with normal marrow is essential if valid conclusions are to 
be drawn regarding pathologic changes. Total nucleated cell counts vary widely, from 
10,000 to 200,000 per cu. mm., depending largely upon the degree to which marrow con- 
tents are diluted with circulating blood. They are therefore of little value, except that a 
high count indicates success in obtaining relatively undiluted marrow. The usual range 
of differential cell counts in normal marrow is given in Table 43. Repeated differential 
counts of (he same specimen of marrow vary much more than in the case of films from 
the circulating blood, because of irregularity in the distribution of the cells and because 
there arc more cells which arc difficult to identify. Slight variations from the usual range 
must be interpreted with caution. 

Examination of the marrow lias proved valuable in determining the type and extent 
of hyperplasia present, both in the anemias and the leukemias. It is especially useful »n 
the differentiation of simple leukopenia, aplastic anemia and leukopenic leukemia Tfie 
characteristic cells of Gaucher's disease and multiple myeloma can usually be recognized 
In malaria there is often a larger proportion of infected erythrocytes than in the peripheral 
blood It is a safer procedure than splenic puncture for the demonstration of Lcishmania 

Table 43 


Differential Count or Nucleated Ctui in Films op Normal Bone Marrow 


Myeloblasts 

Promyelocytes (umhfhrcntutcti) 
Neutrophils 
Myelocytes 

Metamyelocytes (■‘luvcniles") 
Nonfilament ("Stabzcllen") 
Segmented 
Eosinophils 
Myelocy tes 
Segmented 
Basophils 
Myelocytes 
Segmented 
Lymphocytes 
Plasma cells 
Monocytes 
Reticulum cells 
Megakaryocytes 
MegaJoblast* 

Primitive erythroblasts (macroblasts) 
Immature normoblasts ("erythroblasts’) 
Normoblasts 

Ratio leukocytes to nucleated red cells 


| Compiled 

Range 

A‘ erage 

os - s 

20 

1 - $ 

5.0 

5 -20 

120 

10 -20 

150 

5 -15 

100 

15 -30 

20 0 

05-3 

15 

05 - 4 

20 

0 - 05 

03 

0 - 07 

02 

5 -20 

100 

0-2 

0.4 

05 - 5 

20 

02-2 

02 

003- 3 

05 

0.5 - 4 

15 

1 - 5 

20 

10 -30 

20 0 

.2 • 1- 8 . 1 

4:1 


Note. In infants and ,01111, chddra. ihMc is usually a somcwhal biykct pcimiW « 
forms, both in the leukocyte and erythrocyte senes. 
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Coagulation Factors 

Coagulation Time and Retractility of the Clot (Syneresis) : Coagulation Time (Lee 
and White) (1) In a rack set up four small test tubes with an internal diameter of 8 mm 
They must be chemically clean, and must be rinsed with physiological salt solution just 
before the test (2) A sterile 5 ml. (or larger) syringe and needle are rinsed out with 
sterile physiological salt solution, and the last of the salt solution is expelled vnth the 
needle held vertically, so that the needle and the dead space m the tip of the syringe are 
left filled (3) Withdraw 5 to 7 ml. of blood from a vem The validity of the test depends 
upon entering the vein cleanly at the first attempt. Suction must be gentle to avoid 
drawing air bubbles into the blood (4) Remove the needle and expel 1 ml of blood 
gently into each of the first three tubes In the fourth tube place 2 or 3 ml. if available. 
Place the first three tubes in a thermostat or water bath at 37° C. The fourth tube is used 
m the determination of retractility of the clot (sec below) (5) After five minutes (or 
less, if a shortened coagulation time is suspected) remove the first tube from the rack, 
and tilt gently to determine whether coagulation has occurred (6) After one-half minute 
examine the second tube in the same way (7) After one-half minute more again examine 
the first tube, and continue this procedure alternately at one-half-mmute intervals, until 
coagulation has progressed so far that the tube can be inverted without spilling the 
blood (8) Then the third tube, not yet disturbed, is examined If coagulation is not 
complete, re-examine the tube at one-half-minute intervals until it can be inverted The 
total interval from the time the blood first enters the syringe until this tube can be in- 
verted measures the coagulation time 

Normal blood coagulates in from 6 to 12 (or even 15) minutes, more often 12 than 6, 
if the technic has been perfect Practically all technical errors, except a low temperature, 
hasten coagulation The coagulatton time is longer if tubes of larger diameter are used 
Retractility of the Clot The fourth tube is put in an incubator and is inspected after 
one hour, and again after 18 to 24 hours Normally retraction of the clot and expression 
of serum is appreciable after one hour and is marked at the later period Delayed and in- 
complete retraction is met with in blood which is deficient in platelets Occasionally, 
however, a clot of normal blood fails to separate from the walls of the tube, but if such 
a clot is loosened with a platinum wire, retraction occurs promptly 
Coagulation Time with Capillary Blood This is less accurate because of the admix- 
ture with the blood of undeterminable amounts of tissue juice The finger tip is cleansed 
tn the usual way and a deep puncture made, to insure a free flow of blood The first drop 
is wiped off, and from the second drop one or more clean capillary tubes about 1 5 mm. 
in diameter are filled (by capillary attraction) (The tubes should be kept as nearly at 
body temperature as possible ) After two minutes, at one-half minute intervals, a scratch 
IS made with a file on the capillary tube about 1 cm from the end, the 1 cm portion of 
the tube is snapped off gently and the broken ends separated Coagulation is regarded as 
present when threads of fibrin can be seen bridging the gap of a few millimeters between 
the ends The time which has elapsed since the appearance of the drop of blood on the 
skin is the coagulation time, normally about three to six minutes 
Bleeding Time (Duke) Make a deep prick in the lobe of the ear or m the finger At 
half-minute intervals remove the drop of blood with a piece of filter paper, taking care 
not to touch the skin Note the time that elapses before bleeding ceases Normally this 
does not exceed three minutes. The bleeding time is prolonged in thrombocytopenia 
and in conditions associated with reduction in fibrinogen It is usually normal in hemo- 
philia. 

Prothrombin Time (Quick) (1) In a tube 100 X 12 mm put 0 2 ml MAO sodium 
oxalate solution (or 005 ml tn a Kahn tube, 75 X 10 mm. if capillary blood must be 
used as in infants) (2) Add blood fresh from the vein up to the 2-ml mark (or to the 
05-ml mark if capillary blood is used), mixing thoroughly (3) Centnfugalize at low 



HEMATOLOGY 

C f S , haV ' b T . ,hK " vn dom - < 4 > 3 '“!>= P»> o I ml pi™ ml 

« Iti'omjMphslm solution, and put in water bath at 37‘ C. (5) Add 0.1 ml n 
M/40 calcium chloride solution, and start the stop watch. (6) Replace tube in water bail 
removing momentarily at frequent intervals and tilting slightly, until clotting occurs (i) 
Immediately record the time with the stop watch (B> Repeat the entire process, using 
normal plasma * 

The result is usually expressed tn terms <>f the percentage of normal 


Clotting activity = a"»’W tmte of normal plasma 

C/otrmg time of patient’s plasma 

Bedside method of Smith, et a? (I) In a Kahn tube put 0 . ] ml thromboplastin solution 
(2) Add 09 ml blood freshly drawn from the panenf, invert once to mix, and im 
mediately record time with stop watch, (i) At intervals of 1 to 2 seconds tilt gently, 
until clotting occurs. (4) Record time with stop watch. (5) Repeat using normal blood 
Both must be earned out at the same temperature. Calculate as directed above. 

This method is less precise than the preceding, but suffices for practical purposes 
The relationship of the quantity of prothrombin to the prothrombin time is not linear, 
but ts expressed by a cunc. As the amount of prothrombin is progressively diminished, 
there is but little prolongation of the ume until the quantity is reduced to below 50 p« 
cent of normal. Further reductions in quantity cause progressively greater increases in 
the prothrombin time To detect lesser degrees of reduction of prothrombin and measure 
them with any precision or to detect a possible increase in activity, it i< necessary to v* 
plasma which has been diluted with physiological salt solution (I in 3 to 1 in 8). TK 
clinical significance of such slight changes has not been well established. 

Solution* M/IO sodium oxalate Dissolve 1,34 Gm. anhydrous sodium oxalate in 100 ml 
of distilled water 

M/40 calcium chloride Dissolve 1.1 1 Gm anhydrous calcium chloride in 400 ml, ms 
tilled water. . 

Thromboplastin. (J) Thoroughly grind up beef or rabbit lung. (2) To each 10 Gm ot 
finely ground Jung add 10 ml of physiological salt solution. (3) Stir frequently for wyw 
three hours. (4) Strain through gauze, (5) Add mcrthioJate to male a dilution of I '> 
and store in the icebox. Such preparations at the U. S. Naval Medical School nave re 
mamed usable for three to five months. , 

If is desirable to adjust the activity of the solution, by dilution if necessary, 10 
normal plasma will dot in from 25 to 60 seconds. If a longer ume is requited, the prep# 3 
non should be discarded, . rc 

Dried rabbit brain may also be used. Commercial preparations are avaiiab e 
desirable for small laboratories in which relatively few tests arc made. * 

Capillary Resistance Tesr (RumpcI-Lcede Phenomenon). Apply a olood*pres ^ 
about rhe upper arm and keep inflated for five minutes at or slightly above c ^ 
pressure. If reaction to the rest is positive, within a few minutes alter the cun » ^ 

a crop of purpuric spots will appear in the skin below the cuff. A few sms ^ , 5 

no significance, but a profuse crop with spots of large sue (aver I em. m 
almost pathognomonic of thrombocytopenic purpura. . ; n c or 

Fibrinogen Content. A method for the quantitative estimation or n si g 
/unction with other plasma proteins, ts given on p 737- 


Tests for Isoagglutinaricm 

Human Blood Groups ^ 

When the serum of certain individuals is mixed with a suspension ° ^ ^ 
from certain other individuals, agglutination of the cells occurs, y a 
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reactions Lamlsteiner (1900) was able to divide human beings into three distinct 
groups The work of his associates, Dccastello and Sturli (1902), indicated the 
existence of a fourth group, which was described as such by Landsteiner (1909) 
This last publication escaped general notice, and Jansky (1907) and Moss (1910) 
independently demonstrated the existence of the same four groups, although they 
gave them different numerical designations. Moss's work was of great practical 
value because he described a simple method for group determinations which could 
be used clinically, and because he brought to general notice the practical im- 
portance of the procedure in the selection of suitable donors for transfusion. These 
discoveries removed the major peril in transfusions and made their extensive use 
possible for the first time. 

The interrelationships between the cells and sera of the four groups can be 
most readily understood by inspection of Table 44. 

It is evident, first, that red cells are not agglutinated by the serum of another member 
of the same group Serum from Group AB (Group 1 of Moss) has no agglutinating 
activity, whereas cells of this group are agglutinated by serum of the other three groups 
Cells of Group O (Group 4 of Moss) arc magglutinable, whereas the serum agglutinates 
cells of the other three groups Blood from Group A (2) and from Group B (3) cross 
agglutinate each other’s cells, and both also agglutinate the cells of Group AB, while the 
cells of both are agglutinated by Group O serum. 

Table 44 



Agglutination is indicated by +, and the absence of agglutination by 0 


These observed facts can be explained by means of the following hypothesis In human 
scrum there may occur two different isoagglutimns, designated arbitrarily a, and b In 
human red cells there may occur two corresponding agglutinogens, or receptors, A and B. 
Any given serum may contain either or both of these agglutinins, or netther of them 
Similarly, in a given cell, either or both of the receptors may be present, or neither of 
them However, an agglutinin and its corresponding receptor are never both present tn 
the same blood, but one or both of the agglutinins are practically always present if the 
corresponding receptors are absent In a mixture of bloods, agglutination will occur 
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whenever an yglntinin and its mrrespondin,: receptor are present. The ttoitaioa at 

,l" d l. KC 'T r ‘ “ Wl f' cd IO occur is il,!0 sl ' ow “ ™ Table «. The cot- 
rcctness of this hypothesis is supported by agglutinin absorption tests. 


The characteristics of the cells (possession of receptors) is the factor which 
determines the group. This is a constitutional trait which is inherited as a domi- 
nant Mcndclian character. The group characters are often incompletely developed 
at birth, especially the agglutinins, but become evident after 3 to 12 months. After 
these have once developed, the group never changes, although the agglutinating 
activity of the scrum may vary or even disappear. Since the possession of rcccpiots 
by the red cells is the factor which determines the blood group, it is preferable to 
designate the groups by symbols which indicate their receptor content, rather 
than by arbitrarily chosen numerals. The four groups 3re therefore termed A, B, 
AB, and O (no receptors). 


Table 44 shows the approximate frequency of the groups in the Caucasian races of 
Europe and North America. In some of the races of Asia and Africa Groups B and AB 
arc relatively more frequent, whereas in American Indians Group O is much more fre- 
quent. All four groups occur in all the human races which have been studied and, ac- 
cording to Landstemer, also in the orang. 

In about one-fifth of the cases a serum which shows agglutinating activity will also 
hemojyze the red cells, if it is fresh and active Hemolysis never occurs in the absence of 
agglutinins, although the process of agglutination may be masked by hemolysis. Inactiva- 
tion prevents hemolysis, but does not affect agglutination. 


The practical importance oi blood group determinations depends largely upon 
its use in selecting suitable donors for transfusion. It has been found that blood is 
suitable for transfusion if the cells of the donor are not affected by the serum of the 
recipient. On the other hand, if the donor’s cells arc agglutinated (or hemolyxA) 
w vitro by the recipient’s scrum, these cells will be destroyed in the body of the 
recipient, and will usually cause a violent and sometimes fatal reaction, often with 
hemoglobinuria and jaundice. Although it seems preferable theoretically that the 
donor and recipient should belong to the same group, in practice it is usU1 I 
immaterial if the cells of the recipient jre agglutinated by the serum of the donor. 
Unless an unusually large transfusion is given, or the agglutinin ttter of the 
serum is unusually high, the activity of the serum of the donor is so modi c ^ 
the body of the recipient, by dilution or otherwise, that its agglutinative ^ 
hemolytic properties are abolished. Such transfusions do not cause 
actions more frequently than those in which a donor of the ome g r ^ v P JS ^ 
With important limitations to be discussed (p. 407), a Gro.vp O in wi 
be regarded as 3 universal donor, since the cells are not agglucmable, an 
AB individual may he regarded as a universal recipient. 


Selection of a Donor. The donor must be a healthy individual, P re ^ r ^J r c, l s die 
man, free from infectious disease. Syphilis must be excluded wit reaction 

blood in the primary and secondary stages is highly intetuou „hvsteal exam®* 

or a flocculation test should always be done, but 3 history J donor w«b 

non are also indispensable. We have seen syphilis conveyed by ^ & b* 

primary syphilis, but a negative Wassermann reaction The P 
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tertiary or latent cases Malaria has been transmitted in a number of instances, even from 
latent cases, and no one with a history of recent infection should be used as a donor. 
Other infections the transmission of which has been reported include measles, smallpox, 
influenza, typhoid fever, infectious hepatitis, and tuberculosis. 

The blood group of both donor and recipient should be determined If thts indicates 
that the blood is compatible, a check is made by testing the action of the recipient’s serum 
on the donor’s cells If a universal donor is to be used for the first time for a recipient of 
a different group, the agglutinin titer of the donor’s serum for the recipient's cells is de- 
termined (see p 407). 

Group Determination: Procedure There are required. (1) Serum known to have high 
agglutinating activity from Group A, Group B, and preferably also Group O (2) Serum 
from the patient and each prospective donor. (3) A cell suspension from each, prepared 
by adding one or two drops of blood to 5 ml. of a 1 5 per cent sodium citrate solution m 
physiological salt solution. 

The following preparations are set up with cells from each of the individuals to be 
tested 

1 Unknown cells + Group A serum 

2 Unknown cells + Group B serum 

3 Unknown cells + Group O serum. 

The third preparation is not essential, but it serves as a valuable check on the accuracy 
of the results of the first two preparations 

On a slide, mix one drop of serum and one drop of cell suspension. A small drop 
of the mixture is transferred to the center of a 22-mm covershp, which is then inverted 
over the concavity of a hollow ground slide and scaled with petrolatum The drop is in- 
spected at once under the low power The number of red cells should be sufficient to 
form a single layer, after they have settled to the surface of the drop, with the cells close 
together but not heaped up. It is allowed to stand in a warm room, and is inspected oc- 
casionally for an hour, if agglutination does not occur sooner. As a rule agglutination, 
if it occurs at all, will occur within 5 or 10 minutes and be unmistakable If it is not 
definite, the mixture is agitated by gently tilting the slide from side to side, or a mechani- 
cal shaker is used The cells will then nearly always settle out, conspicuously and com- 
pactly clumped. In preparations in which no agglutination occurs the cells will remain 
evenly distributed for hours 

With these data, the group can be determined quickly from the following outline The 
occurrence of agglutination is indicated by +. 

Agglutination in: 


Group A serum | 

Group B serum 

Group 0 serum ^ 

Group of Cells 
Tested Is 

+ 

+ 

+ 

AB 

0 

+ 

+ 

A 

+ 

0 

+ 

B 

0 

0 

0 

o 


On the basis of these tests, a donor belonging to the same group as the patient is se- 
lected, or if this is not possible, a Group O donor, and the following i$ set up 
4. Recipient’s serum + donor's cells 

If this preparation shows no agglutination or hemolysis, the blood is compatible, and 
the donor may be used In the case of patients who arc receiving repeated transfusions 
and of all women who have not passed the child bearing period, tests for the Rh factor 
should be made, and Rh negative individuals should be given only Rh negative blood 
Vincent’s open slide method, recommended by Ottenbcrg, is preferred by many workers. 
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A full drop of serum and of cell suspension are nrhed on a slide, preferably m lire con- 
cavity of a hollow ground slide. Drying must be prevented, and this can be accomplished 
by covering the hollow with a coverslip and sealing with petrolatum. The slide is tilted 
and rotated gently so that the cells are uniformly distributed, and this is repeated e\rry 
two minutes for at least 30 minutes, and preferably for an hour. A mechanical shaker 
may be used. The preparations are kept at room temperature, and are examined with the 
naked eye, not with the microscope. True agglutination is easily visible. 

tube method The most sensitive and quickest method consists of placing in a small 
test tube one drop of serum, one drop of 1 to 2 per cent cell suspension and one drop of 
salt solution. One or more control tubes are prepared in a similar manner. The contents 
of the tubes are mixed and, after two to five minutes, centrifuged until the cells are 
lightly packed. The reaction occurs promptly and incubation is not necessary. The tubes 
are agitated gently until the cells in the control (negative) tubes are uniformly sus- 
pended. If any agglutination occurs, there are usually unmistakable macroscopic clumps 
visible. If there is doubt, a drop of the suspension may be examined microscopically 

In determining the blood group, the procedures should be carried out at room tempera- 
ture (or in the incubator), not in the icebox, in order to avoid the effect of certain minor 
(“cold”) agglutinins The major agglutinins are also more active at low temperatures, 
but chilling is rarely necessary to demonstrate them. Anti-Rh agglutinins, however, are 
usually most active at 37° C If their presence is suspected, to determine the major group, 
tests should be made at room temperature 

Sources of Error. The chief sources of technical error are: (1) Weak or deteriorated 
sera. Their activity must be checked frequently by testing with known agglutinablc cells 
(2) Hemolysis, which may mask agglutination. The remedy is to inactivate the serum, « 
use stored serum. (3) Use of too thin or too thick a cell suspension. If an excessive 
quantity of cells is present, weak reactions may be missed. Hence the use of undiluted 
blood as a source of cells is not recommended. (4) Failure to agitate the suspension 
(5) Confusion of rouleaux with agglutination The microscopic appearance of the aggre- 
gates is usually quite different. Agitation breaks up rouleaux, but intensifies agglutination 
Rouleaux formation rarely occurs in stored serum, and it can be prevented by shg t 1 u 
ticn of the serum. Except as a source of confusion, rouleaux formation has no sigm cin:e 
for transfusion (6) Dependence upon the agglutinating activity of the serum being tesit , 
which may be weak, instead of using stock sera of high titer (7) Incubation at too 
temperatures (see befow). <ff) The use of serum of cell suspensions which are badly c- 
taminated by bacteria. (Nonspecific agglutination may occur ) (9) Rar >, t e p e 

of an ti-Rh agglutinins. (10) Gross errors in fahebng and technic flt 

Errors resulting from failure to demonstrate agglutination when it should be p 
are most likely to occur with subgroups As and AsB (see p 407). Cells containing 
... .... .l .i SMiihi „„,4 <*,, n f high titer are required to identify them- 

■ inn those of adults and espenal care is rcquir 
. agglutinin entirely, and tins check on 

curacy of the routine tests ts therefore not available. . 

If stock sera of Groups A and B are not available, the group of a 7 of % 

termined by testing his cells and serum with those from either a kno 
Group B individual, thus: 


Serum A and 
X Cells 

I Serum X and , 
] A Cells ; 

Croup Is 

Serum £ and 
X Cells 

1 Serum X 

B Cells 

+ 

0 

+ l 

o 1 

1 0 

0 

+ 

AB 

a ; 

B 1 

o | 

+ | 

+ 

0 

o 1 

+ 

0 

•f 
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The disadvantage is that errors may occur if the agglutinating activity rf either scrum 
happens to be feeble 

If neither stock sera nor individuals of known group arc available, in emergencies 
one must depend on preliminary "cross-matching” tests for the selection of a donor. 

Dangerous Universal Donors. When a transfusion of 500 ml is given to an adult of 
average size, the bjood of the donor is diluted about 1 10 in that of the recipient Very 
frequently the bloo’d of a Croup O donor shows an agglutinin titer substantially higher 
than 1 10. On the assumptions that reactions to incompatible blood are due to agglutina- 
tion of red cells in the body, and that the usual absence of such reactions when Group O 
individuals arc used as universal donors is due purely to dilution, many writers have 
emphasized the theoretical danger of using a universal donor whose scrum has a high 
agglutinin titer, and have called them “dangerous universal donors " There is, as a mat- 
ter of fact, no positive evidence that either of these assumptions is true. Furthermore, 
clinical experience indicates that reactions which can be ascribed to this rarely if ever 
occur in spite of the frequency with which universal donors have been used without regard 
to the titer of their serum In none of the reported cases in which a transfusion reaction 
has been attributed to this incompatibility has the possible action of anti Rh agglutinins 
been excluded With massive transfusions, however, the risk is probably a real one, and 
even with transfusions of 500 ml no reasonable precaution should be neglected Ex- 
perience indicates, however, that such blood may be safely used if the titer determined 
by the centnfugc-tube method is less than 1 500, provided the transfusion be adminis- 
tered slowly Few sera will fail to show agglutinin m 1 10 dilution when tested in this 
wav The average titers have been given as 1 : 128 for A cells and 1 : 32 for n cells 
To test the titer, make a scries of progressive dilutions of the donor’s scrum up to 
1 1000 In a senes of an equal number of small tubes put successively a drop of each 
serum dilution, and add to each one drop of 1 to 2 per cent cell suspension of ’the 
recipient The contents of the tubes are mixed, centrifuged, and examined as described 
above If any agglutination occurs in 1 500 or higher, another donor must be secured. 

The agglutinating activity can be abolished in vitro and presumably in ttvo by the ad- 
dition of suitable amounts of punfied A or D substance of Witebsky and Klendshoj 
(1941) 

Preparation of Stock Scrum. Sterile serum is secured from individuals known to be- 
long to Group A, B, and (preferably also) O, whose serum has been shown to have 
active agglutinating power One drop of sterile serum (enough for a single test) is sealed 
in each of a number of sterile capillary glass tubes. Overheating the serum while sealing 
must be avoided 

Or, to each 9 ml of clear serum is added 1 ml of 15 per cent sodium citrate solution in 
physiological salt solution. To each 9 ml of this citratcd scrum, 1 ml of 5 per cent solu- 
tion of phenol in glycerin is added. Instead of phenol, 0 01 per cent acnflavin may be 
added to Group A scrum and 0 01 per cent malachite green to Group B serum, both as a 
preservative and as a means of identification Each strum should be labeled with care 
and handled separately to avoid accidental confusion of the groups Such serum usually 
keeps well for several months in the icebox, but weakens more rapidly than if kept 
sterile without preservatives. If desiccated by the lyophile process, its activity is preserved 
for long periods 

Agglutinogens Ai and Aj. Subgroups, in the sense of dear-cut subdivisions of the 
major blood groups, have been demonstrated only in the case of Groups A and AB. If 
properly selected Group B or Group O sera are utrated as to their agglutinative activity 
with cells from many Group A individuals, the latter are found to fall quite sharply 
into two ' ‘ ' 1 * ' * ‘ ‘ > 

of scrum, ... 

trations " ■ ■ 

of the second subgroup Landsteiner et al on the basis of absorption tests and other pro- 
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dd^rrn.T , and °' l,cr ,; l,fr ' rcnc “ b «"’'cn .he subgroups to the posstssion o( 
different agglutinogens , mho cells, designating that in the readily agglutiaable subjto™ 
as Ai, the other as A* Subgroup At ts about four to file times as numerous as A, Seram 
lrom Croup O and Croup I) usually contains two agglutinins active on A cells; one, 
Known as anlt-A, or a, agglutinates both At and A; cells, about equally; the other, anu-Ai 
or ai, agglutinates only Ai cells 


The simplest way to identify At is to select a Group B scrum with a high titer for A 
cells and absorb « repeatedly with known As cells. This removes a agglutinin but leaves 
at relatively intact. Cells which are agglutinated by such absorbed scrum contain At, 
whereas cells from Group A which arc not agglutinated are usually As. (in about five 
per cent of the cases the reactions are indecisive, for reasons which are not yet entirely 
clear ) By this means Group AB may be subdivided into AiB and AaB 
Agglutinogen As is inherited as a Mcndelian character, and it is believed to be trans 


mitted by means of a fourth independent allelic gene which is dominant with respect to 
O, but recessive to Ai. 


A third subgroup. An, has recently been identified, the cells of which are even more 
resistant to agglutination than As. It occurs in only about 1 in 1000 individuals. 

In rare instances, As (or AsB) scrum may agglutinate At cells, and even more rarely 
Ai or AiB serum may agglutinate As cells (as agglutinin). The latter also agglutinates 
O cells, even more strongly than As cells, and is sometimes called the anti-O agglutinin 
These agglutination reactions are usually feeble, and demonstrable only by die most 


sensitive procedures at icebox temperatures. 

In nearly all cases, individuals in the two different subgroups arc compatible for pur- 
poses of transfusion, although in very rare instances transfusion reactions attributable to 
this discrepancy have occurred. A point of greater practical importance is that Group B 
sera differ much in their relative content of a and ai agglutinin With a stock B scrum 
weak in a agglutinin, an As individual may be mistaken for one belonging to Group 0 
and used as donor for a Group O patient with disastrous results. Group A:B cells are 
poorly agglutinated by many B sera, and special care is required to avoid mistaking them 


for Group B cells _ , 

Rh Factor. In rare instances patients who have received repeated transfusions of booa 
from donors of the homologous major blood group eventually exhibit severe hemo yuc 
reactions although previous transfusions even from the same donor had caused no reac 
tiort. It has been shown that these reactions in most cases are due to the development in 
the recipient of antibodies for an agglutinogen in the cells of the donor which is 
from Ai, As, B, M, and N To this aggluttnogen Landsteiner and Wiener applied t e “ 
“Rh" because the corresponding anti-Rh agglutinin was identical with one w k 
had produced in rabbits by injections of blood from rhesus monkeys. Using agg u ^ 
sera from such patients or from immunized animals, the Rh agglutinab e ac o ^ 
demonstrated in about 85 per cent of the (white) individuals tested In the P ^ 
who were Rh-negative, normally no anti-Rh agglutinin is demonstrable. It imj ^ 
(only) after immunization, either as a result of repeated transfusions of -P 0SI 1 
or in pregnant women having an Rh-positive fetus. This occurs, however, in o 
2 to 4 per cent of the cases in which it might be expected. hemolytic 

In a woman so sensitized a first transfusion of Rh positive blood may «use . . Clfcu h- 
transfusion reaction Antibodies from the mother may also gain access to e u - vc 

tion and cause erythroblastosis (see p. 452). For such sensitized patients it >■ 


to have Rh-negative donors. . , t„ ; n their 

Blood sera taken from different sensitized individuals may differ qua i sera 

agglutinative action on various Rh-positive cells. Three specific *>P£ S 0 , agglutinates 

have been recognized; (1) the “standard" 

the red cells of 85 per cent of the individuals tested, (2) a yp V . the cells 
titrate, the cell, of 70 per cent, and (3) a thud (antt-Rh") whtch agglnttnate, 
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of only 30 per cent. (There are between 1 and 2 per cent of individuals who are Rh-posi- 
tive, but in whom this is not detected by use of the first type of serum.) Certain sera may 
contain two agglutinins, eg, anti Rho and anti-Rh', or anti-Rho and anti-Rh". 

A detailed study of these reactions, particularly by Wiener, Levine, Race, and their as- 
sociates, indicates that there are three different "Rh factors” corresponding to the three 
agglutinins above mentioned. These factors occur singly or in combination to form at 
least five different agglutinogens which have been designated as follows 1 Rho, Rh', Rh", 
Rhi (= Rh'o), and Rha (= Rh"o). By means of the three types of agglutinating sera, 
eight different “Rh groups” or types have been distinguished The designations and fre- 
quency of these types in the white population have been given by Wiener as follows: 
Rhi, 54 5 per cent; Rha, 15 per cent, RhiRh 2 , 13 per cent, Rho, 2 5 per cent; Rh', 1.2 per 
cent; Rh", 0 3 per cent; Rh'Rh", 001 per cent, Rh-negative, 13 5 per cent The fre- 
quency of the types is different m other races Rh negative cases are quite rare in Mon- 
golians. These conclusions in the main are in harmony with those of the British investi- 
gators, but the latter use an entirely different nomenclature 

The Rh agglutinogens are inherited as dominant Mendelian characters, independently 
of the other isoagglutinms This is accomplished, according to Wiener, by means of six 
allelic genes, of which five correspond to the five agglutinogens above listed, and the 
sixth, rh, is a recessive character which determines Rh negative individuals. Each somatic 
cell is supposed to possess two genes, one derived from each parent, and each maturated 
sex cell, one gene Fisher has advanced a different theory, based on the work of the 
British group, for which there is strong supporting evidence The Rh type is determined 
by three factors, each of which exists m at least two alternative forms, C or c, D or d, 
and E or e Each cell carries three genes, one determining each of these factors. Thus 
Wiener’s Type Rhi corresponds to Cde, RhiRha to CDE, and rh to ede New types of 
blood, the existence of which was predicted on the basis of this theory, have since been 
discovered 

Hr Factor In about 8 per cent of the cases the mothers of infants with erythroblastosis 
have been found to be Rh-positive Levine showed that (in about one-third of these 
cases) this may be explained by assuming the presence in the fetus of a factor analogous 
to Rh but different from it, to which he gave the name “Hr ” The corresponding ag- 
glutinin, present m the serum of the mother, he termed “anu-Hr” because in its activities 
it was the reciprocal of the anti-Rh' agglutinin Anti-Hr sera therefore agglutinate 
(among others) the cells of Rh-negative individuals According to Race and Taylor, the 
Hr factor is determined by the presence in the cells (of the fetus) of certain of the Rh 
factors (rh, Rha, Rh" and Rho). If these factors are absent in the mother (who must 
possess other Rh factors, since she is Rh positive), she may become sensitized to them, 
just as if she were completely Rh negative The infant is Rh-positive. In addition to this 
anti Hr' serum, Race and Taylor postulated the existence of anti-Hr" and anti-Hro sera, 
and the former has since been identified. 

These relationships are manifestly intricate, and some of the points discussed are still con- 
troversial Recent work also indicates that there may be additional Rh factors which would 
determine the existence of other Rh types These, however, would necessarily be rare 

Testing tor Rh Factor To test for the Rh factor, for practical purposes it suffices to 
use a standard anti Rho serum which gives positive reactions with 85 per cent of random 
bloods, using as potent a specimen as is obtainable. Such scrum may be obtained from 
sensitized puients, preferably mothers of erythroblastotic infants Practical difficulties 
arise in obtaining suitable scrum from the relative rarity of such cases Furthermore, many 
sera give weak agglutination reactions in titro. and they tend to weaken rapidly in vitro 
and tn mo. and may become useless vvithtn a few weeks Isoagglutinms if present must 
be removed or neutralized with specific A and B substance. (Suitable serum for routine 
use may now be purchased from Certified Donor Service, 146-16 Hillside Ave., Jamaica, 
New York.) 
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<•> T1,c * r ™ ,s inachvMcd „ 56" C. for 15 m , <;) ^ ,* ftom 
cacfi patient to be tested are washed, and a 2 per cent suspension n made m AS! per cal 
salt solution (3) Set vp to a rack a series of four small Junta. tubes tor each Wood to 6c 
tested, including controls of known Rh.positive and Rb-ncgative blood, rt) la the fat 
two tubes of each set place 0.2 ml. of standard Rh agglutinating serum. (5) In tufts X 
3, snd 4, p hce 0.2 ml of salt solution. Dilution is accomplished by mixing the contents 
of tube 2, transferring 02 mi (o tube 3, and continuing thus, discarding 02 ml from 
tube 4 (If commercial serum is used, dilution is unnecessary and a single tube JiifScw.) 
(6) To £jch tube add 0 l ml. of the appropriate cell suspension; after mixing the contents 
the tubes are placed in a water bath at 37° C. for an hour. (7) Without jfel/ig /V 
tubes are inspected with the aid of a hand lens In negative reactions the sediment has 
an even surface and a smooth border. A positive reaction is indicated by a more or less 
granular or wrinkled surface and an irregular margin After shaking the tubes gently, 
one drop is removed from each and examined microscopically for clumps It is often 
impossible to distinguish clumps macroscopically. (8) The tubes are allowed to stand lot 
two hours and again inspected. These reactions are usually much feebler than those 
caused by the usual isoagglutmms, and care and experience are needed to interpret them 
correctly 

To feet a serum for anti-Kh agglutinin, the same procedure is followed, except that 
known Rh-posmve cells are used. If, however, the reaction at the conclusion ol sup 4 
is negattxe, in order to detect blocking antibodies if present (sec below), (9) piptt of! 
the supernatant fluid, add an equal volume of homologous scrum or albumin solution, 
and mix. If antibody is present, clumping will occur within a few minutes at room \tflv 
perature 

With a large majority of sera, these reactions are most active at body temperature la 
rare instances they are more active at room or even icebox temperature, and if a negamt 
reaction is unexpectedly obtained, the tubes should be shaken, allowed to stand at a 
lower temperature and again inspected 

Blocking Antibodies In a substantial number of patients in whose blood 
agglutinins would be anticipated, agglutinating activity cannot be demonstrated l 
this procedure If, however, Rh-posmve cells in suitable quantity are added to such a 
strw and subsequently removed by centrifugation and washed free from serum, ey 
will no longer be agglutinable if added to an active anti-Rh agglutinating serum. C Y 
appear to have absorbed from the original serum a specific “incomplete" antibody, w ,c 
has been termed a blocking or coating antibody because it prevents subsequent com 
nation with an active or “complete” agglutinin. 

If, however, Rh-positivc cells arc suspended in homologous serum or in i * Pf* 
solution of human or bovine albumin and serum containing antibody in either ° 
added, the cells will be quickly and coarsely clumped This phenomenon,^ n< V 
conglutination, is brought about by an additional substance (“X prfncnx, S 1 *. 
present in scrum but inactivated by slight dilution The following simple test is 
these ob$er\ atio ns. 0 ( 

Slwe Test (Diamond and Abehon, 1945), (0 Make a 1 to 2 r*r tert , M 
Rh-positive cells m albumin solution or in homologous (or co>\patib ej sc to be 
Place 0.2 ml. cell suspension on a slide and add an equal solum*- of \ t *« ^ jenf 
tested. (3) Warm gently oxer an electric light bulb, tilting the shut S en s * . SJrnt hf 
for three minutes ft antibody is present, macroscopic clumping wi ° *• 
preparation containing Rh-negame cells should be set up as a control r a rf w « 

Minor {Cold ) Agglutinins. In certain cases the serum of one won tdifal > ^ ^ Jf . 

the cells of another belonging ro the same blood group, or to Group » ' ^ <«**• 

tion of anti-Rh agglutinins is excluded, provided the mixtures a P Mcre(tX ag- 
perature These reactions are dependent upon the interacts srucfied. Their 

glut.nin-receptiT pairs, only one of which, P-p, has been adequately sfucteo 
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incidence appears to be entirely independent of that of the four major groups As a rule 
this agglutination is feeble, it occurs only in high concentrations of serum, and it disap- 
pears if the preparations are wanned Occasionally, however, the agglutination is more 
marked, and it may then cause errors in group determination Transfusion reactions due 
to this type of incompatibility appear to be very rare if they occur at all 
Autoagglutination (Cold Agglutination). If mixtures of serum and cells from the 
same individual are kept at icebox temperature, in some cases agglutination occurs. The 
clumps break up as soon as the mixtures arc warmed Such serum will similarly clump 
any red tells (human or animal) added to it, le, it is a panagglutmation Slight de- 
grees of such agglutination are said to be common, but a marked degree of agglutination 
ts infrequent It occurs, however, m a considerable number (not all) of the cases of 
primary atypical pneumonia, and less frequently in other acute infections, particularly of 
the respiratory tract It has been reported in acquired hemolytic jaundice, in cirrhosis 
and other diseases of the User, in chronic sepsis, leukemia, pernicious anemia, etc The 
reaction is therefore not specific It is of some value empirically in the diagnosis of 
primary atypical pneumonia, but otherwise has little if any practical significance 

Acute hemolytic anemia has been observed in patients whose blood contained cold 
agglutinins in high titer Some have attributed this to intravascular agglutination result- 
ing from chilling of the extremities 

Procedure To determine the titer of the agglutinin, the blood must be kept warm, 
preferably at 37® C , until clear serum has separated and been pipetted from the clot (1) 
Into each of a senes of 10 small test tubes pipet just 0 2 ml physiological salt solution (2) 
To the first tube, add 0 2 ml clear serum After mixing, transfer 0 2 ml of the contents 
of this tube to the second tube In a similar way, progressive dilutions are made in each 
tube, finally discarding 0 2 ml from the last tube (3) Prepare a 1 per cent suspension of 
washed red cells, either from the patient, from another individual belonging to the same 
major blood group, or from an individual of Group O (4) To each tube add 0 2 ml of 
red cell suspension After mixing the contents the tubes are placed in the icebox for two 
hours or overnight. (5) They are then removed and read at once After warming to 37° 
C they arc examined again to make certain that the clumping has broken up. 

The exact titer recorded with a given serum will vary, depending upon the exact 
technic used and the observer’s criteria of a positive reaction Observations may be made 
macroscopically or microscopically In microscopic examination the tubes are shaken 
thoroughly and a drop of the contents of each is inspected under the low-power ob- 
jective. Read in this way, the titer is two to four times higher than if done macro- 
scopically The titer after standing 16 to 20 hours is two to four times higher than if read 
after two to three hours. Spmgam and Jones (1945), using a slightly different technic and 
making readings microscopically after 16 to 20 hours, concluded that titers less than 
1 112 were of no significance. Of 100 normal controls, 89 showed titers less than this 
and none over 1 : 224 Of 91 patients with pnmaty atypical pneumonia, 56 showed 
titers of 1 : 112 or higher, and 40 over 1 224 Substantially equal titers were observed, 
however, in occasional cases of other acute infections, including measles, mumps orchitis, 
infectious mononucleosis, and scarlet fever 

The autohemolysm of paroxysmal hemoglobinuria is described in a following chapter 
Medicolegal Applications * 

Disputed Parentage. Since the receptors A and B arc inherited as independent domi- 
nant Mendchan characters, it follows that a receptor cannot appear in a child unleft it is 
present in one of the parents Therefore, if the group of the child and of one parent is 
known, it is possible in some cases to determine that a given indiudual cannot be the 
other parent. This subject has been further elaborated by Bernstein (1924), who advanced 
the theory that the inheritance of the blood groups is determined by the distribution of 
three allelomorphic genes. A, B, (dominants), and R (or O), a recessive (negative) One 
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gene is present in each member of a pair of chromosomes, so that each somatic cell 
possesses two of these genes, and each sex cell, one gene. The genetic structure of the 
four groups would, therefore, be: Group O, 00; Group A, AA or AO; Group B, BB or 
BO; Group AB, AB. Since a child draws one gene from each parent, it follows that a 
Group O parent can never have a Group AB child, and a Group AB parent can never 
have a Group O child, regardless of the group of the other parent. With any other com 
bination of groups in the parents, a child may have O genes only, or either A or B or both, 
provided these arc present in either parent. Recent careful studies of large numbers of 
families have confirmed these assumptions, and their validity has been upheld in the 
courts in many European countries. In this country they have been used to a limited a 
tent. Definite information is obtained in from 20 to 30 per cent of the disputed situations. 

Landsteiner et al. (1928) have demonstrated two other definite agglutinogens in human 
blood, which they have designated as M and N. There arc no corresponding agglutinins 
in human serum, and their demonstration is a highly complicated procedure requiring 
the blood of specially immunized animals. Their distribution is entirely independent of 
that of the four major groups. One or both of them arc present in the blood of evciy 
human being. Like agglutinogens A and B, M and N are inherited as independent 
dominants, and human beings can be divided on this basis into three classes or “groups," 
having a theoretical genetic structure of MN (50 per cent), MM (30 per cent), and NN 
(20 per cent). The presence of these agglutinogens can also be utilized to decide ques- 
tions of disputed parentage. This gives definite information in about an additional 30 
per cenr of the cases 

Determination of the Rh type has also been utilized for this purpose as well as uje 
presence or absence of the factor, P. By employing all of these procedures it is possible 
theoretically to differentiate 28S varieties of human blood. 

Determination of the Group in Blood Stains. If the blood dried before decomposition 
occurred, and if the proteins have not been denatured by heat or otherwise, J 

possible to determine the group of the individual from whom the spot was dew 
is useless to attempt direct agglutination of cells recovered from such material, an on y 
occasionally js it possible to demonstrate agglutinins directly in extracts of such spots 
only practicable method is based upon the fact that the isoagglutinins ate spec c 
“absorbed” and removed from a serum when brought into contact with red ce s 
tainmg the corresponding receptor, or with the products of hemolysis of sue ce > 
with seminal fluid or tissue juices of individuals belonging to the same group. i . tgo) 

Method (1) A serum and B serum with a high agglutinin titer (pre era y 


are secured, and each is diluted five times with salt solution. . . - . , 

(2) Into each of two centrifuge tubes are placed 20 to 40 mg. of dne ’ aW j 
piece of stained cloth (if heavily blood-stained 1 sq. cm suffices) is cut into n e 1 ' 1 
a half placed in each tube (3) To each tube is added 0 5 ml salt solution, * c u . w 
allowed to stand for one hour. (4) To tube 1, 0.5 ml diluted A serum is a » 
tube 2, 0.5 ml diluted B serum; the rubes are then allowed to stand for t see ' ^ 
They are centrifuged, the clear fluid which contains serum in 1 : 10 utton * . 
and a senes of dilutions of each, in 0 5 ml. volume, from 1 : 10 to 1 . * ’* nS ; 0 n 

To each tube in the first scries (containing A serum) 2 drops of a 5 per ce ail uty 

of washed Group B cells are added, to each tube in the second series a s 
of A cells is added. (7) The reaction is read after two hours. 

If agglutination occurs as indicated, the group of the blood m the spat is. _ — __ — 

i i ’ Cra "P u 
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To ensure the certainty in the results needed for medicolegal purposes, elaborate con- 
trols are necessary, including parallel absorption tests with blood spots of known groups. 
By this method the group has been determined in blood spots 15 to 20 years old. 

Substitutes for Blood 

To replace blood lost by acute hemorrhage, the best fluid is whole blood, and the 
most satisfactory substitute is human plasma. In surgical shock without hemorrhage, 
plasma is equally as effective as whole blood. Plasma is often life-saving in such condi- 
tions, since the cause of death is not lack of erythrocytes but insufficient fluid to fill the 
blood vessels adequately and maintain blood pressure Plasma may be preserved and ad- 
ministered in fluid form, or, for the sake of convenience in storage or transportation, it 
may be desiccated by a lyophile process and rcdissolved in sterile distilled water just 
before administration. No satisfactory substitute for human plasma has yet been found. 

Physiological salt solution, Locke’s solution, glucose solution, or a solution of amino 
acid mixtures may be administered safely, and these are useful in combating dehydration 
and maintaining nutrition, but they are ineffective in shock because both the solute and 
the fluid are eliminated with great rapidity. 

Many attempts have been made to find a colloidal solution which will be retained 
within the vessels and which might be used if neither blood nor plasma were available 
A solution of gum acacia in physiological salt solution can be given without serious im- 
mediate reaction if properly prepared, and is relatively effective, since the acacia is 
eliminated slowly and the fluid is retained in the vessels This has been largely aban- 
doned, however, since it was found that the acacia is taken up by the tissue cells and 
stored for long periods Among other materials which have been tried may be mentioned 
gelatin, pectin solutions, and albumin from horses or cattle which has been highly puri- 
fied and (in some cases) "denatured" in various ways If given repeatedly, however, the 
latter tends to cause sensitization and serious foreign protein reactions. 

Preservation of Blood for Transfusion 
Blood which has been drawn into sodium citrate solution (70 ml of a 2 5 per cent so- 
lution per 500 ml of blood) may be preserved for some time by storing it m the icebox 
at 4' C The addition of 20 to 30 ml of 10 per cent glucose solution markedly delays 
deterioration of the red corpuscles The group should be determined, a serologic test for 
syphilis carried out, and cultures made to prove sterility Before use, a cross matching 
with the blood of the prospective recipient should be earned out. Although blood has 
often been used after storage for four weeks and more, it gradually deteriorates with 
age, and it is probable that 10 to 14 days is about the maximum limit during which it 
can be used with perfect safety and optimum results. According to Bushlcy ct al (1940), 
red cells in blood (containing added glucose) which has been stored 14 days survive 
in vivo practically as long as those in fresh blood As blood platelets practically disap- 
pear after about four days and prothrombin also diminishes, fresh blood should be used 
to supply a deficiency of these constituents. The plasma from overaged blood may be 
siphoned off and used safely if no hemolysis has occurred 
Strumia et al (1947) recommend the following preservative (B M H A C D. 
No 3) For each 500 ml blood use 75 ml distilled water containing 1 6 Gm sodium 
citrate, 0 56 Gm monohydrated citric acid, and 1 5 Gm. anh>drous glucose This is said to 
preserve the cells in excellent condition for three weeks 
If red cells only are needed and not plasma, it may be desirable to remove the plasma 
and resuspend the cells in some neutral medium Thalhciner and Taylor (1945) recom- 
mended for this purpose a 10 per cent solution of corn sjrup in distilled water They 
reported that in this medium red cells remain in excellent condition for two to three 
weeks Strumja ct al. (1947) report that the red cells are better preserved tn a medium 
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consisting of distilled water containing 2 4 per cent anhydrous glucose, 1 9 per cent 
sodium citrate and 4 per cent globin 

Cadaver Blood 

Yudin and his associates at Moscow ( 1932 , 1937) have reported the successful use of 
blood obtained from cadavers within six to eight hours after death. Blood (2 to 3 liters) 
was drawn aseptically from the jugular vein. It might be mixed with citrate solution in the 
usual way. If, however, the blood was obtained from individuals who had died sad 
denly, either from accidents or from such conditions os coronary thrombosis, and was 
allowed to coagulate, the clot would speedily undergo fibrinolysis, and the re-liquefied 
blood would not again clot A serologic test for syphilis, cultures, and a complete necropsy 
were earned out to exclude conditions which might contraindicate its use. (In warm 
climates, thick blood films and films from the spleen and bone marrow would also be 
required, to exclude malaria ) They found that such blood could be preserved for three 
to four weeks by storing it at 1 ’ to 2" C. It was as effective and caused fewer febrile re- 
actions (5 per cent as compared with 20 per cent) than fresh citrated blood from living 
donors. 
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Normal and Pathologic Blood Cells 


Red Cells 

Normal Values. The normal values for red cells of young adults arc given In 
the following table (slightly altered from Wintrobc). 


Table 45 

Normal Valufs for Red Cells of Young Adults 



Male 

Female 

Aterage 

Range 

| Average | 

Range 

Red cell count in millions 

54 



iiroi 

Hemoglobin in Om per 100 ml 

156 

mrnSEm 



Volume of packed cells per 100 ml. 

47 

KB2IH 





At erage | 

Range 

Mean corpuscular volume in cubic microns 

85 

82 to 92 

Mean corpuscular hemoglobin in micro-mierograms 

29 j 

27 to 31 

Mean corpuscular hemoglobin c mcentratmn in % 

34 1 

32 to 56 


The red cell count in ydung infants is usually about 5 5 million It falls rapidly during 
the first few weeks to about 5 0 million, and reaches a minimum (about 4 5 million) at 
one >ear During childhood it remains somewhat lower than the adult figures The red 
cell count may fluctuate during the day within a range of at least 10 per cent, with 
changes in plasma \olumc, or with the storage of red cells in, or their release from the 
spleen and other reservoirs 

The blood of the normal young male adult in this country has an average O-combining 
capacity of 209 \olumes per cent (Van Slyke), corresponding to 15 6 Cm. hemoglobin 
per 100 ml In Great Britain the normal figure is usually given as 14 5 Cm The variations 
with age and the daily fluctuations parallel those noted for the red cell count 

For convenience in calculating the indices it is customary to regard 50 million red cells 


The mean corpuscular volume (Wintrobc) m cubic microns is calculated by dividing 
the volume of packed red cells, expressed in nullititers per liter, by the red cell count in 
millions The mean corpuscular hemoglobin m micro-micrograms (yy) is calculated by 
dividing the hemoglobin content of the blood, expressed m grams per liter, by the red 
cell count w millions A micro-microgram is one millionth of one millionth of a gram 
The mean corpuscular hemoglobin concentration in per cent is calculated by dividing the 
hemoglobin content of the blood, expressed in grams per liter, by the volume of packed 
415 
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red cells, in milliliters per liter, and multiplying by 100. These 
dependent numerically on any arbitrary standard of normal. 


are absolute values, and not 


These relationships are more commonly expressed as indices. 

The color index (color-count ratio) expresses the relative amount of hemoglobin 
in each red cell, as compared with that of normal blood. It is obtained by dividing 
the hemoglobin content of rhe blood by the red cell count, both expressed in per- 
centages of the normal figures. The percentage of the normal red cell count is ob- 
tained simply by multiplying the first two figures of the count by two. 

The volume index (volume-count ratio) expresses the relative volume of the 
individual red cell, as compared with that of normal blood. It is calculated by 
dividing the red cell volume by the red cell count, both expressed in percentages 
of the normal figures. 

The saturation index (color-volume ratio) expresses the relative concentration 
of hemoglobin in the red cells, as compared with normal blood. It is calculated by 
dividing the hemoglobin by the red cell volume, both expressed in percentages of 
normal. It may be diminished, but it is never increased. 

The average normal value for each index is, by definition, 3.0, and the normal 
range is at least from 0.9 to 1.1. The great importance of these relationships in the 
classification and diagnosis of anemias is discussed in the following chapter. 


Example The normal values commonly used for these calculations are; R«d cell count, 
5.0 million. Hemoglobin, 14 . 5 Gm. per 100 ml. Cell volume, 42 per cent. Assume that a 
given blood shows- 


Red cell count 2.5 million = 50 per cent of normal 
Hb is 8,7 Gm , = 60 per cent of normal. 

Cell volume is 30 per cent, = 71 per cent of normal. 

Then the color index = Hb./count s= °%o = 1 2 

The volume index r = Volume/count — 7 Ho = 1.4 

The saturation index = Hb./vofume =; = 0 86 

The mean corpuscular volume =r 300/2 5 — 120 cubic microns 

The mean corpuscular Hb — 87/2 5 = 35yy 

The mean corpuscular Hb. concentration = 100 X 8 %oo = 29 per cent 


Morphology of the Red Cells. In normal blood the red cells are biconcave iscs, 
cular in outline and nearly uniform in size, with a mean diameter o a ut £ 
Pnce-Iones) and a mean thickness of 1 9 to 2p- Two thirds of the ce s are ^ 
8p m diameter An occasional cell may be as small as 5 5^, or as h K= as • g- 
diversity in si?- «« filled anisoevtosts Cells which are less than 5 jx r '3^ t ^ # siusacc, 
microcytes, th ■ ' e probably 

battledore, or 

portions of fragmented cells . j . n, m ay be 

With or without marked diversity rn size, the average si 2 e determination 

abnormally small ( microcytosis ) or abnormally large (macrocy l osif - , ^ a , crJ £e 

of the mean corpuscular volume or volume index gives a better in C 0 n dition % 

size of the cells than merely a measurement of iheir diameter, but m most 


there is a rough parallelism between them. , , cointaM 

The depth of color of the cell,, either m fresh or stained ^ in 

as their sire. Abnormal variations in color (amsochrom,*) m » : oa , ^ p a rI to 

thickness of the cells. Unusual pallor of the cells ( achmm ) m ) 
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diminished concentration o £ hemoglobin in the cell Such cells may have colorless centers 
with only a narrow yellowish rim of hemoglobin-containing stroma (“pessary forms”). 

In cells which show true achromia, there is a gradual transition in depth of color from 
a pale center to a more deeply stained periphery. This must be distinguished from a 
common type of artefact which is produced during drying and fixation of the film and 
which is characterized by a colorless round central area sharply demarcated from a dark 
peripheral rim. The latter is prone to occur in the thin cells in patients with hypochromic 
anemia, but it may also occur in normal blood and has only restricted (if any) diagnostic 
significance. 

Immature Red Blood Cells. These are found m any form of anemia in which there is 
active regeneration of new cells They may be regarded as hurried into the circulation 
before development is completed, to satisfy an urgent need for cells. 

Polyciiromatophilia, Polychromasia, Diffuse Basophiliv In films stained with any 
type of Romanowsky stain a limited number of the red cells may show a more or less 
marked degree of diffuse bluish staining The term punctate basophtha or stippling 
(Grawitz granules) is applied to red cells showing discrete, bluish-black granules with 
such stains They are especially numerous in lead poisoning Unlike reticulum they can 
be seen in fresh preparations The granules are regarded as evidence of degenerative 
changes m the cytoplasm of immature cells. 

Reticulocytes Reticulocytes in increased number constitute the most constant and 
dependable sign of active regeneration in anemia of any type. They are a little larger 
than mature erythrocytes. In vitally stained films they contain bluish granules which, in 
the more immature cells, are numerous and connected with one another by a meshwork of 
fine bluish strands The more mature reticulocytes contain a few similar granules, or 
even only a single granule, without any visible strands, and are visible only in the best 
preparations. The granules arc generally considered to be remains of the spongioplasm of 
the erythroblast It is believed that they disappear within a few days as the cells mature 
in the circulation They arc not identical with the granules in ordinary stippled cells 
Reticulocytes are more numerous than suppled cells, and may be numerous in blood 
which contains no stippled cells. An abrupt rise to a peak of 5 to 40 per cent or more, a 
reticulocyte crisis, occurs within a few days after the institution of effective treatment in 
severe cases of pernicious anemia or hypochromic anemia. Reticulocytes arc especially 
numerous in familial hemolytic jaundice (frequently 20 per cent, rarely even 50 per cent) 

Nucleated Red Cells (Erythroblasts) Normoblasts are approximately the size of a 
normal red cell or slightly larger The more nearly mature forms contain a nucleus which 
has a diameter from one half to two-thirds that of the cell, which is round, and which 
stains a dense, homogeneous, purplish-black color, without showing any structure 
(pyknotic) The nucleus may be lobulated or fragmented The cytoplasm may be normal 
(orthochromatic normoblasts) or basophilic in varying degree (polychromatophilic normo- 
blasts) The "immature normoblasts" (erythroblasts of some hematologists) tend to be 
somewhat larger and have a more basophilic cytoplasm The nucleus shows definite 
structure and usually contains coarse, deeply stained, chromatin granules which are often 
clumped in wedge-shaped masses separated by radiating, pale lines, which give it a 
"wheel-spoke" appearance 

The more primitive erythroblasts (“macrobiosis") , seen only in severe anemias, have 
nuclei with a finer chromatin structure, but except in the most primitive cells the strands 
arc relatively thick, there is a tendency to clump, and the wheel spoke arrangement of the 
chromatin often shows more or less definitely. Nucleoli are present. The cytoplasm is 
abundant and is strongly basophilic, so that it may be difficult to distinguish these cells 
from primitive leukocytes 

Megaloblasts arc the most primitive red cells which appear in the circulation They are 
large cells, 10 to 20^ or more in diameter. The nucleus is about as large as a normal red 
cell, it is approximately central, and there is usually no pate perinuclear zone. It shows 
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_o nucleoli In about 4 per cent of these cells the nucleus is band-shaped, or segmentation 
.. incomplete, but the chromatin is in coarse strands and is densely stained. These are the 
, nonfilament” forms of Cooke and Ponder, and the Stabzellen of Schilling 
* The polymorphonuclear eosinophils are distinguished by the coarse, uniform, highly 
l Tractile granules which stain a bright \ermilion-red color. The nucleus is usually bi- 
>bed, larger, and finer in structure, and stains less intensely than that of the neutrophils. 
The polymorphonuclear basophils (mast cells) contain purplish or bluish black granules 
K hich arc usually intermediate in size between those of the preceding types of cells, and 
e less refractile than the eosinophil granules They tend to vary m size and depth of 
' aimng, and are often sparse Tire nucleus stains more faintly, and the lobulation is often 
: '"distinct 

Immature granulocytes, the normal ancestors of the preceding types of cells, may 
•- ipear in the blood in certain pathologic conditions Normally some mechanism 
'■-Tectively prevents the passage of cells into the blood before their development 
complete. It is the phenomenon of their entrance inio the blood stream, and not 
character of the cells themselves, which is pathologic. In general the more 
pmerous and the less mature these cells are, the more serious is the disturbance 
the hematopoietic tissue. 


Myelocytes are the immediate precursors of the granulocytes The more nearly mature 
'•’* rms resemble the mature granulocytes in their cytoplasm and specific granulations. 
* •' vere are neutrophilic, eosinophilic, and basophilic myelocytes They differ from the 
if’ ature cells in having round or oval nuclei, with little or no indentation. The nucleus 
f' kes a paler stain, and shows a finer chromatin network There are no nucleoli The 
Myelocytes arc nonmotile and not phagocytic in ordinary moist films, an important point 
distinguishing them from monocytes In suitable hanging-drop preparations, how- 
e'er, they show active motility, like that of the myeloblasts 

Metamyelocytes are cells which are intermediate in development between myelocytes 
d mature neutrophils The nucleus has a moderately fine chromatin network, and 
deepty indented, or has the shape of a broad band (the Jugendformen of Schilling). 
1 occasional cell of this type may rarely be found in normal blood 
T The less mature myelocytes differ in having a bluish rather than a pinkish cytoplasm, 
eM' hough a small area next to the nucleus may be pinkish. The granules are not differen- 
^fted, and take a bluish stain, or in the same cell some may be lilac or red, and some 
J- ic. They are relatively scanty. The nucleus has a fine chromatin network, and may con- 
1 nucleoli The cells are often much larger than a mature granulocyte The most primi- 
c myelocytes, the promyelocytes (A. myelocytes of Sabin), have a deeply basophilic 
oplasm, and contain only a few (or even a single) bluish granules, or small purplish- 
I rods (Auer bodies) which take the peroxidase stain. The nucleus is like that of the 
, *>eloblast. 

S^,rhe myeloblast is the earliest recognizable precursor of the myelocytes It is rarely 
j ft n in the blood except in the acute stages of leukemia. The cell is usually large, and 
. a large, somewhat eccentric, round or oval nucleus This has a fine chromatin network 
^ich takes a reddish-purple color and gives the nucleus a velvety or finely stippled ap- 
trance There arc usually several (two to five) nucleoli, variable in size and shape, 
pale sky-blue in color. They show no definite limiting membrane, and look like ir- 
,'fC * -ular lacunae in the chromatin network. There is no distinct nuclear membrane. 


ccptmnally the nucleus may be indented, convoluted, or irregularly lobulated. The 
xtplasm is deeply basophilic, darker than the nucleus, and (by definition) contains no 
.f^^iulcs There is no perinuclear clear area. In hanging-drop preparations, but not in 
Unary moist films, they show a characteristic snail like or wormhke movement. 
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Caption for Kate II 

U) Poljmorphonudcir neutrophil. 

(2) Polymorphonuclear basophil. The lobes of the nucleus a re indistinct and are partly over- 
laid with granules. The fatter vary in their size and depth of staining 

(3) Polymorphonuclear eosinophil. The granules are large and uniform in size. 

(4) Gump of yiormal platelets. 

(5) Small lymphocyte, with a wheel-spoke arrangement of the chromatin in the nucleus There 
is a detinue clear zone in the cytoplasm around the nucleus. 

(6) Smafl lymphocyte, Containing azure granules. The chromatin is in large masses. 

(7) Large lymphocyte, containing azure granules. The chromatin is in coarse masses. There is 
an indistinct nucleolus. There is a pale zone in the cytoplasm around the nucleus. 

(3 and 9) Monocytes. Tlic cytoplasm is grayish 6/ue in color. There is a fine Mac gnnulanea 
which is abundant hut does not stuff the cell as does that of the granulocytes. The nuclear 
chromatin is arranged in a fine network as contrasted with the coarse skeins of the granulocytes 
and the dense masses of the lymphocytes. There are no nucleoli. 9 is the transitional of EhiUh 

(10) Plasma cell. The cytoplasm is abundant, basophilic, with two vacuoles and a small, pale, 
perinuclear zone. T7ie chromatin masses art coarse and show the wheel-spoke arrangement 

(//) Giant pfarefcf, from a case of pernicious anemia. 

(72) Neutrophilic metamyelocyte, with band -shaped nucleus. 

(13) Neutrophilic myelocyte. With oval nucleus and practically mature granulations 

(14) Primitive type of myelocyte, with sparse, bluish, undifferentiated granules The cywpbm 
is diffusely basophilic except foe a narrow acidophilic zone at the left of the nucleus The nuclear 
structure is fine, and there are two nucleoli 

(15) Myeloblast. There is no distinct nuclear membrane, the background of the nucleus is 
finely stippled, and there are five ttuclcoh The cytoplasm is deeply basophilic, is free Uam 
granules, and shows no pale perinuclear zone. 

(16) Promyelocyte. Essentially identical with the myeloblast except for a few reddish wu* 
shaped structures (Auer bodies) and bluish granules. 

(f7) Lymphoblast. The cytoplasm is deeply basophilic, with a perinuclear pale zone Twrt 
is a definite condensation of chromatin in the nuclear membrane and around the two nut to i. 
The chromatin is appreciably coarser than in the myeloblast. 

(13) Giant neutrophilic levkocy te, with by persegmePted nucleus from a case »* pernioo 


(19) 'Toxic" neutrophil, from a patient with a severe infection, showing degenerative « K • 
The nucleus is swollen, with loss of the finer marking* The cytoplasm « vacuolated, » 
granules are sparse, and variable and abnormal in size and tint. , ^ 

(30) Ricder cell A primitive lymphocyte with basophilic cytoplasm and a como 
lobulatcd nucleus. . , , „ arf 

(21) Mcgaloblast. An early type. The structure of the nuclear chromatin » ^ 1 ndency w 

two nucfroli. The cytoplasm has an opaque greenish blue color, but shows a s ig t 
become acidophilic near the lower pole of the nucleus The margins of tbe cdl loo h^otmog 

(22) Mcgaloblast. A late type, wuh acidophilic cytoplasm and a nucleus w it 

pyknotic and is undergoing 3 curious type of fragmentation. n ,ckus ha* a 

(23) Megaloblast. An early type, with basophilic greenish cytoplasm- e 

relatively fine chromatin network, but somewhat coarser than in 21 w heeI-spoke 

(24) Immature normoblast, with faintly basophilic cytoplasm and charactens ic 

arrangement of the nuclear chromatin. > . shows fine 

(25) Megaloblast. The nucleus is undergoing mitotic division The c\t< op ^ifA g j. 

basophilic stippling. These four megaloblasts were drawn from she bloo o a 

vanced pernicious anemia who had Jud no liver therapy. 

(26) Reticulocyte, vitally stained with cresyl blue. 

(27) Normoblast, with .a pyknotic nucleus and fine basophilic stappuiS 
(18) Red cell, with 3 large nuclear fragment and fine “chromatin «s 

(29) Red cell, showing basophilic stippling and a Howell-jolly WJ- 

(30) Red cell, showing a Cabot ring. The cytoplasm is dittuse y so • ^ srrrtH 

(31) Megakaryocyte, from a case, of pernicious anemia. The cy top a m The nude" 5 

clumps of bright red granules, identical in appearance "" , ir , s e , o i 200 .) 

may be round or oval rather than elongated, as in this ten. vf s * 
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These cells are difficult to differentiate from lymphoblasts and other primitive leuko- 
cytes, and in some cases it is impossible to do so with the methods of study now available. 
Such undifferentiated cells are sometimes termed stem cells and are regarded by some 
as common ancestors of all the types of leukocytes 
In some cases small myeloblasts with dense, heavily staining nuclei occur, practically 
indistinguishable from lymphocytes. Presumptive evidence that questionable cells are 
myeloblasts may be obtained by demonstrating the occurrence with them of myelocytes 
(containing peroxidase-staining granules) 

Lymphocytes. The lymphocytes in the blood of a normal adult are nearly all (mature) 
small cells, about the size of a red cell The nucleus is relatively large, round or oval, ec- 
centric, and often notched, or rarely, deeply lobed It contains irregular, coarse, dense 
masses of chromatin which take a deep violet blue stain These masses are not sharply 
demarcated from the pale-staining parachromatin of the nucleus. There may be one or 
two nucleoli, visible only in crushed or flattened cells The cytoplasm is sky blue or deep 
blue, but paler than the nucleus, and it usually shows a narrow crescentic pale zone 
next to the nucleus No granules arc present in fresh preparations, but in stained films 
about one-third of the cells show a few reddish-violet “azure” granules. Lymphocytes 
never show granules with the peroxidase stain 
Large lymphocytes differ chiefly in having more abundant cytoplasm. The nucleus 
is somewhat larger and usually takes a paler stain. The chromatin masses are often finer, 
and such cells are less mature than the normal small lymphocyte. These cells occur in 
small numbers in adults, and are common in children There is little to be gained by 
separating large from small lymphocytes in the differential count 
Lymphoblasts, primitive lymphocytes, are large cells with abundant cytoplasm which 
usualty is strongly basophilic They often show a perinuclear pale zone, and may contain 
azure granules The nucleus stains less intensely, and shows fine chromatin masses, al- 
though these are usually coarser than in the myeloblast There are usually two or three 
nucleoli with a dense nucleolar membrane The most primitive forms are practically in- 
distinguishable from myeloblasts Lymphoblasts occur chiefly in acute cases of lymphatic 
leukemia, but a few may be found in acute infections, or other conditions in which the 
production of lymphocytes is stimulated The term Rieder cell has been applied to lympho- 
blasts with lobulated nuclei Lymphocytes and lymphoblasts (in hanging-drop prepara- 
tions) are motile (sec p 393) 

Wiseman has described progressive changes in the lymphocytes which he regards as 
evidence of increasing maturity He stresses the disappearance of nucleoli, decrease in 
number and disappearance of mitochondria, decrease in the degree of basophilia of the 
cytoplasm, and finally pyknosis of the nucleus and rupture of the cell membrane Others 
question the reliability of basophilia as a criterion of immaturity in lymphocytes, since 
this does not always parallel those features of the nuclear structure (particularly fineness 
of the chromatin masses) which they regard as most significant 
Plasma Cells. Plasma cells are large cells with abundant, deeply basophilic cytoplasm 
which often contains azure granules, and may contain vacuoles There is usually a pale 
perinuclear area The nucleus is eccentric and contains coarse, dense masses of chromatin 
which .tend to show a radiating, wheel-spoke arrangement Immature plasma cells with 
nuclei of fine texture may occur in leukemia. Plasma cells have been regarded generally as 
lymphoid in origin, but they arc not immature lymphocytes Some believe them to be a 
distinct and independent type of cell, related to Turck’s "irritation” cells They are rare 
m normal blood, but a few may be present in any condition in which there is a lympho- 
cytosis, especially in German measles, infectious mononucleosis, and in a few cases of 
multiple myeloma. 

Turck’s Irritation Cells. These are large cells with deeply basophilic cytoplasm, which 
is often vacuolated, but contains no granules They were regarded by Naegcli as plasma 
cells, or pathologic lymphoblasts, because they have a lymphocytic type of nucleus This 
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is usually finer in texture than that of the plasma cells. They may occur in any conditioa 
m which leukocyte formation is markedly stimulated 
Monocytes. Monocytes are large cells with abundant grayish-blue cytoplasm which is 
thickly studded with fine, pale-lilac granules, a little bluer than the neutrophil granule! 
In heavily stained films the granules m the older cells may be quite coarse and bluish. 
The margins of the cell are thin and often irregular. The nucleus in the older cells is 
kidney-shaped or horseshoe-shaped, and often shows small, irregular lobulations alon? 
the concave margin (transitionals of Ehrlich). The younger forms ha\e round or oval 
nuclei ( large mononuclears of Ehrlich). The surface of the nucleus often shows seven! 
deep creases which give it a coarsely convoluted appearance. The nucleus takes a pak 
bluish-s lolct stain, and contains a characteristically reticulated chromatin network with 
slight thickenings at the intersections of the threads. In the younger cells it h« a 
spongy texture which may be compared with that of fine lace, whereas in the •* * 
it is coarser and stains more intensely. There are no nucleoli Monocytes show aroc > 
motility and are actively phag-ocytic (see p. 394). , 

Monoblasts, the primitive monocytes, differ in having a more basophilic cytop * 
sparse granulations. The nucleus is fine in texture and may contain a few small, F« 8 ‘« 
nucleoli. ... . xff, t 

Pathologic Leukocytes. Pathologic leukocytes are cells which, in some r p t 
markedly in their appearance from normal cells of their type The difference 
horn a developmental anomaly m cond.tions m which blood<ell format.on.idisrf 
There may be an abnormal.* ,n the „ze of .he cell, in .he q«n«V ■« -Jj 
«« of .he cytoplasm or it. granules, or in .he sue, the staining, ° r & d do tu 
muon of .he nucleus Pathologic lymphoey.es occur frequently in infection., 
necessarily suggest leukemia. . ,-n, m acute » 

Pathologic changes may also occur as a result of one mm o c »f 

feettems. Soeh cells may show vacuoles >n Ac cytoplasm o .he » 

the cell may be irregular or -moth eaten- The s sta|n xk c praenteet 

absent, or may stain abnormally, and fail to take the P a! in ,h e cytoph” 1 

coarse blutsh granules has been emphasized and a ilso f „ m ay he p)k««« 
The nucleus may be swollen and show loss of rts finer sra , 

If marked rn degree, such changes have a bad prognostic lhc presence el 

Smudg'd tdh, if not due to poor technic in making the fi • ® Jnd bju tree 

large, fragile cells In certain -cases of leukemia these may > m ,y k 

termed "basket" cells Even ,n normal blood many o ‘ agam I <*■ 

smudged Sabtn believes that these .n mprauiully stavned film. «* 

cytcs, because she finds numerous nonmotile IcukOcjte v 
at the same time 

Origin and Life of Blood Cells ^ 

The primitive precursors of the blood cells are the^ells^^^ ^ 1£ and ««' 

These cells are *»w«hed «lls, or colloidal dyes, ® s 


^Saiema.iiq’such Is S,77nk V f ZltZinW- 

pyrrol blue. These cells comprise (1) rencuh™ re . E b| ^ jd .c-ssels, According 
throughout the body m the connective j“^r, r7.ng .hc presence of 
Corner these cells can be distinguished by s mettods (disputed . W d 
withsn the substance of the cell by pc -muses of certain limned p ,jj 

specializ'd endothelial cells of the captllaTO » £ hyp opbysis, adrenal cort < 
the body: the bone marrow, Siat^. 1 ”^' b 

The macrophages, also known as drived from either or bo. 

theliocytes (and probably the monocytes), 
preceding types of cells. 
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The primitive red ceils are derived from vascular endothelium. In the early embryo the 
process of red-cell production is widely distributed, but it soon becomes largely concen- 
trated in the IKer, and later in the spleen At birth it is largely confined to the red bone 
marrow, all bones participating. After about the sixteenth year it has disappeared from 
the long bones except small foci in the proximal ends of the femur and humerus, and in 
the normal adult it is largely confined to the vertebrae, ribs, sternum, skull, and pelvis 
In response to the stimulus of an anemia, red cell formation is often resumed in the long 
bones, occasionally in the spleen, and rarely even in the liver 
According to Doan, in the adult the red cells are normally produced by intravascular 
proliferation of the endothelium of intersinusoidal capillaries in the marrow. These 
capillaries are believed usually to be shut off (functionally) from the general circulation 
but open occasionally to discharge red cells as these mature The bulk of the erythropoi- 
etic tissue is made up of the cells described as "immature normoblasts ” Some of these 
continue in a state of active prolifeiation, whereas others develop by a process of matura- 
tion into mature red cells In certain severe anemias, particularly in pernicious anemia, 
these cells arc replaced by more primitive types of erythroblasts, the macroblasts or mega- 
loblasts. 

The ultimate ancestors of the granular leukocytes are believed to be primitive reticulum 
cells. In the embryo the leukopoictic tissue has much the same distribution as noted in 
the case of the red cells In the normal adult their formation is largely limited to the 
marrow of the flat bones When their proliferation is strongly stimulated, as in leukemia, 
the distribution becomes widespread, involving not only the spleen and liver, but also the 
lymph nodes, and sometimes the skin and the connective tissue of the kidneys and other 
organs, particularly about the blood vessels Normally the proliferating tissue is largely 
composed of differentiated myelocytes, but in leukemia these may be replaced by primitive 
myelocytes or myeloblasts 

The lymphocytes are formed in the lymph follicles, wherever these may be located. 
Their immediate precursors are the large cells in the center of the follicles Their more 
primitive precursors, the lymphoblasts, are probably derived from reticulum cells 
The monocytes, according to Sabin and many others, are derived from reticulum cells, 
largely but not exclusively in the spleen. Naegcli and some others believe that they arise 
in the bone marrow, from myeloblasts or closely related cells The consensus now is that 
they constitute a third type of leukocytes, distinct from both the lymphocytes and the 
granulocytes The exact relationship of the monocytes to the histiocytes, or clasmatocytes, 
is still in dispute Sabin regards the latter as a distinct type of cell derived from endo- 
thelium There is strong evidence that under special conditions, at least, histiocytes arc 
also derived from monocytes 

There is still disagreement as to many ef the details of the process of blood-cell forma- 
tion, particularly as to the relation of the primitive types of cells to one another. There 
is much to support the view that even in the adult there are primitive (reticulum) "stem*’ 
cells which under certain conditions may give rise to any one of the three main types 
of leukocytes In leukemias of any type there is widespread proliferation of the cor- 
responding type of cell, which may be found practically wherever reticulum cells occur. 
On the other hand there is no convincing evidence of the transformation of one type of 
leukocyte into another after definite differentiation has occurred Table 46 summarizes 
one of the more widely accepted theories as to these relationships 
The leukocytes perform their functions mainly in the tissues and not in the blood. 
They utilize the Wood stream only as a means of transportation Their average life, or at 
least their stay in the Wood, ts short, probably from a few hours to four days at most 
The normal stimulus to their production is a chemical one, probably nucleic acid or other 
products liberated from tbe nuclei of disintegrating leukocytes That enormous numbers 
arc formed daily may lie surmised from the fact that most of the red marrow (five sixths 
according to some estimates) is occupied vvtth their formation Some of the leukocytes 
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Normal Differential Count 

The average figures for the normal adult are given in the following table. 
Table 47 


Normal Differential Count 



In 

percentage 

1 Absolute Number 

per Cm. mm 

| “gt. % 1 

Usual Range, 

% 

Aver - 1 
age | 

Usual Range 

Neutrophils* total 

66 i 

50 

to 70 1 

4500 1 

3000 to 

6000 

Segmented nuclei 

62 

50 

to 65 

4200 

3000 to 

6000 

Nonsegmentcd nuclei 

4 

2 

to 8 

300 

200 to 

700 

Metamyelocytes 

0 

0 

to 01 




Eosinophils 

15 1 

05 

to 3 

100 1 

50 to 

300 

Basophils 

05 

0 

to 0 75 1 

25 

0 to 

75 

Lymphocytes' total 

26 

20 

to 30 

1800 1 

1000 to 

3000 


1 

0 

to 6 

100 

0 to 

600 


25 

20 

to 30 

1800 1 

1000 to 

3000 

Monocytes 

6 , 

3 

to 8 

450 1 

300 to 

600 

Total leukocyte count 

1 



7000 

5000 to 

10,000 


In infants after the first few days the lymphocytes constitute 40 to 60 per cent of the 
total count, and the neutrophils are correspondingly reduced (30 to 50 per cent) The 
average adult formula is usually attained at about five years of age, but this u quite 
variable (2 to 10 years or more). 


Leukocytosis 

The term "leukocytosis” signifies an increase in the total leukocyte count (above 
10,000). Since m most cases this is due to an increase in the neutrophils, it is often 
used inexactly to indicate a neutrophilic leukocytosis. Such a leukocytosis is called 
relative if the total leukocyte count is within normal limits, but the percentage of 
neutrophils is increased (above 70 per cent). It is absolute if the total number is 
increased, as well as the relative number. A relative neutrophilic leukocytosis 
usually has about the same significance as a slight absolute leukocytosis. 

Occurrence. Normal individuals may show a neutrophilic leukocytosis. 

1. After muscular activity (sometimes marked) and consulsions 

2 After cold baths (a rapid redistribution of cells in the circulation) 

3 A digestive leukocytosis has often been described, but recent work has created grave 
doubt as to its occurrence 

4 In infants during the first few days. 

5 In pregnancy during the last few weeks (slight), and in the puerperium (sometimes 
marked, up to 20,000). 

It occurs in the following palfcofogir conditions 

1 In most acute injections, particularly acute pyogenic infections, intra abdominal in- 
flammations, general sepsis, pyelonephritis, tonsillitis, scarlet fever, acute rheumatic fever, 
pneumonia of all types, and meningitis The total leukocyte count in these conditions 
usually ranges from 12,000 to 20,000, in lobar pneumonia it often reaches 30,000 to 40,000 
U may rarely rise to 100,000. 
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drL ? a! . , ,"" m,K "’ nS BO. lead (up to 20,000 in lead colic), star s»ct 

dcuss as turpentine, acctamlld, potassium chlorate, phenyl hydraaior, iLoh 
venom of arthropods: m acute pout: in diabetic acidosis; and in uremia. 

X Alter acute hemorrhage and acute hemolysis of red corpuscles. 

"'"I’ 13 ''’;'' etpeciatly rapidly Jtrosvinf. tumors of the i/ve r, tammtmt 
tract, and bone marrow (metastatic). 

5. After operations, for 12 to 36 hours, particularly if there has been much tissue injury 
t>. Necrosis of tissue as in coronary thrombosis, and after hums. 

7. Myelogenous leukemia 


Significance. In general, a leukocytosis may be regarded as a response of the 
lsonc marrow to an increased demand for leukocytes. The degree and type of 
response vary (1) with the intensity of the stimulus (which depends largely on 
the species of the infecting organism, on its virulence, and on the location and 
extent of the area involved), and (2) on the reacting power of the individual A 
mild infection may call forth an insignificant response. If the infection is over- 
whelming, or if the reacting power of the marrow is seriously impaired, there 
may be no leukocytosis, but even a leukopenia. In an individual with adequate 
reacting power the degree of leukocytosis is very roughly proportional to the 
severity of the infection. In interpreting the leukocytic response to an infection, 
however, changes in the differential count and qualitative alterations in the leu 
kocytes are more significant than an increase in their total number. 


A great deal of work has been devoted to this problem, in an attempt to find seme 
characteristic change which would have prognostic significance in infections, and when 
might serve as an indication for immediate operation in such conditions as acute appeiwi 
citis. The earlier studies emphasized the significance of a rise in the percentage ojncu 
trophils and the relation of this rise to the increase in the total leukocyte count Thus 
Sondern regarded the hi tec as a measure of the resistance of the individual. 
the degree of the increase in the percentage of neutrophils measured the seventy ot * 
infection or the “degree of toxic absorption.” Wilson devised a formula to expre*' ! 
numerically 

Inder of resistance ~ (T — 10) — (P — 70) 


T = the total leukocyte count in thousands. 

P = percentage of neutrophils. 

A negative index indicates a low resistance and a poor prognosis. . ^ 

In general, if a blood-stream invasion or a specific acute infection (iifcc pneunwa _ f 

be excluded, a neutrophil percentage of 85 or over points to pus formation or & 
whereas a percentage under 80 is against this. Individual exceptions occur. O' 
ticufarly in children and in patients with such infections as typhoid fever or c 
More reliable information is obtained by a study of the oeutrophi s to ^ 

point of their maturity The available reserve supply of preformed leukocy ^ bv . 
small, and an increased demand must be met largely by the production ^ (fJ . s 
the bone marrow. When hastily produced m response to an . * f fa first 

arc hurried into the circulation before development is complete mW sure « 

. n f »Ki« phenomenon, and he attempte 0 { nis 

la tiie 

. he fifdt 

first croup he included all cells with unsegmemeu «».«.•. — - respectively He 

SSottah.) he put ceils with nude, composed oi ..o to fisc tobes 
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gaye the following figures as the average distribution in normal blood: 5 per cent, 35 per 
cent, 41 per cent, 17 per cent, 2 per cent He calculated a numerical "index” by adding 
together the percentage of cells in the first two groups, and half the figure for the third 
group {normal index 60). In cases of active infection the relative number of cells in the 
first two groups was increased, and as these happened to be recorded on the left hand 
side of his tally sheets, this change was termed a " shijt to the left ” He regarded this shift 
as far more significant than a rise in the total leukocyte count. However, grave objections, 
both theoretical and practical, have been raised to Arneth's counts, and they have been 
practically abandoned as a clinical procedure. 



Leukocytosis (53,000) Acute lobar pneumonia Actual 
field Marked regenerative "shift to the left" Two myelocytes 
in field (Lower right) Cell showing toxic-degenerative 
changes in the granules 

Several other investigators have suggested simplified procedures to estimate the degree 
of immaturity of the leukocytes Of these we shall give only that of Schilling, which is 
the one most frequently employed This is best understood hy a study of the following 
illustrative counts, selected from his book. He subdivides the neutrophils into four classes, 
which have already been described. Good, thin films are indispensable for these counts 
The differentiation of segmented from nonsegmented nuclei is in part a subjective mat- 
ter, and the examiner should establish his own standard of normal by counts on normal 
blood 

As a rule in acute infections, particularly those which arc accompanied by a 
neutrophilic leukocytosis, there is an increase in the percentage of cells with non- 
segmented nuclei {a shift to the left), which is roughly proportional to the seventy 
of the infection. 

Schilling distinguishes a “regenerative shift,” in which "Jugcndformen” 
(metamyelocytes) appear in the blood, from a “degenerative shift,” in which the 
nonsegmented cells arc “Stabzcllcn,” with coarse, densely stained chromatin. The 
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Table 48 
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Normal 

Normal Range 

1 

o-.j 

2 

2 ~' i 

0 

o 1 

0 

0-0 I 

4 

3-5 

63 

51-67 

23 

21-35 

6 , 
4-8 1 

6,m 

5,000- 

Appendicitis (mild) 

0 j 

1 1 




63 




Appendicitis 









(1) Wound infection 

I 

3 

0 

2 

9 



U I 

5 

13,000 

(2) Peritonitis 

0 

0 

2 

21 

29 

41 


33,000 

(3) Agonal 

0 

0 

12 

29 

38 



0 

25,000 

Pneumonia (favorable) 

0 

0 

0 

4 

32 



1 

12,000 

Pneumonia (senile, fatal) 

0 

0 

1 

30 

18 

35 

11 

5 

8,600 

Bacterial endocarditis 
Tuberculosis 

0 

2 

0 

2 

20 

53 

17 

6 

5,000 

(1) Mild, active 

1 

2 

0 

0 

3 

39 

39 

16 

low 

(2) Advanced 

0 

0 

0 

6 

39 

17 

13 

25 

High 

Malaria (MT) paroxysm 

0 

0 

0 

22 

28 

20 

20 

10 

High 

Malaria (BT) afebrile period 

0 

2 

0 

7 

14 

46 

15 

16 

6,000 

Typhoid fever J 

0 

0 

0 I 

0 ( 

30 

20 

38 

12 

3,000 


latter are probably to be regarded as the result of pathologic maturation, rather than 
an indication of simple immaturity. A regenerative shift is the more significant. 


In general, the following points indicate a severe infection and usually have an un ft- 
t’orable prognostic significance (1) An extremely high total leukocyte count with 3 H 
percentage of neutrophils (2) The failure to develop a leukocytes, s, or a leukopenia j / 
A high percentage of immature cells, especially if they outnumLcr the mature cells ( / 
Absence of eosinophils. (5) A marked reduction in the absolute number of lymphocjK 
(6) Many cells showing toxic-degenerative changes in the nucleus or cytoplasm. n 
versely a favorable significance may be attached to the absence or progressive abatetf 
of these characteristics. Although caution must be used in interpreting the findings in 
individual case, such a study undoubtedly gives information of great practical va ue^ 
definite trend in either direction as shown by successive examinations is muc m 
significant than the result. of a single examination . ^ 

Eosinophilia, This occurs chiefly in three groups of conditions: (1) In I cCt ™ n D f 
mal parasites In trichinosis it is nearly constant jnd usually marked (up to / ^ {W 
35,000 cells), but it may be absent in severe acute cases. It usually occurs in ccw» j 
and hookworm infections of significant degree, in the early stages of schwtoso * ^ 

less regularly with ascaris, taenia, whipworm, strongyloides, etc. In uam ^ ^ ^ 
natives it is difficult to find an eosinophil count of less than 15 per cc " t ' 
amebiasis. (2) Skin diseases of any type, depending more upon the extern :iw 
type of skin involvement. (3) Allergic reactions to foreign protein, indoa > j, 

asthma, hay fever, urticaria, angioneurotic edema, mucous colitis, and 
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also occurs in (4) chronic myelogenous leukemia, (5) the acute stage of scarlet fever and 
in chorea; and (6) the stage of recovery from many acute infections (in slight degree). 
It is seen occasionally (7) in Hodgkin’s disease (up to 60 per cent in rare instances), (8) 
with certain tumors of the ovary, (9) m focal lesions of the bone marrow, (10) after 
splenectomy, (1!) in pernicious anemia after liver therapy, particularly following ingestion 
of raw liver (up to 20 per cent, rarely even to 60 per cent), (12) in periarteritis nodosa 
(10 per cent of cases), and (13) in Loeffler’s syndrome and tropical eosmophiha 
Eosinophils are diminished in the acute phase of most severe infections 
Basophilic Leukocytosis. A basophilic leukocytosis occurs commonly in chronic myeloid 
leukemia In other conditions it is infrequent and of no known diagnostic significance. 

Lymphocytosis. A relative lymphocytosis occurs in most of the conditions which show 
a leukopenia 

An absolute lymphocytosis occurs in certain infections (1) Whooping cough, including 
the secondary bronchopneumonias which follow it. A lymphocytosis is nearly constant, 
and usually marked, from 20,000 to 40,000, rarely to 100,000, with 60 to 80 per cent of 
normal small lymphocytes (2) Infectious mononucleosis (glandular fever). (3) Less 
regularly and less markedly in German measles (with plasma cells). Brucella infection, 
and mumps (4) In some cases of tuberculosis, chiefly mild or moderately active cases 
running a favorable course (5) In young children, occasionally, in infections which 
usually cause a neutrophilic leukocytosis. (6) During convalescence from any acute infec* 
tion (7) In hyperthyroidism (8) After exposure to ultraviolet radiation (9) In lymphatic 
leukemia (10) In acute infectious lymphocytosis 
Monocytosis. This occurs: (1) In many cases of malaria and other protozoan infections, 
including trypanosomiasis, kala-azar, and amebiasis (2) Less regularly and often only in 
slight degree in variola, typhus, spotted fever, dengue, yellow fev er, measles, and syphilis 
(3) In bacterial endocarditis (capillary blood). (4) In active progressive tuberculosis. A 
reversal of the usual lymphocyte-monocyte ratio suggests a dissemination of tubercles and 
has an unfavorable prognostic significance. (5) In Hodgkin's disease (6) In Band’s 
disease (7) In poisoning with tetrachlorethane. (8) In monocytic leukemia 
A slight increase m monocytes occurs frequently at the height of many acute infections. 
Myelocytosis. Myelocytosis, or the presence of myelocytes in the circulating blood, 
occurs chiefly (1) in myelogenous leukemia. In usually small numbers myelocytes may 
appear (2) in any condition associated with a hyperlcukocytosis, especially in children. 

(3) In severe infections or intoxications, regardless of the total leukocyte count, in which 
there is a marked “shift to the left” (a “Icukcmoid reaction”). In marked reactions 
myeloblasts may also be found (4) In pernicious anemia and other severe anemias (5) In 
focal lesions of the bone marrov', especially metastatic neoplasm. 

Leukopenia 

A notable reduction in the leukocyte count below 5000 must be mainly at the expense 
of the neutrophils It occurs: (1) Regularly in certain infections, if uncomplicated - 
t)phcnd fever, measles, influenza, dengue, kalaazar, and malaria (except during the 
paroxysms), occasionally in the initial stages of smallpox, and in some cases of tubercu- 
losis, especially extensive glandular tuberculosis. (2) Overwhelming infections which are 
usually associated with a leukocytosis. (3) Malignant neutropenta (agranulocytic angina). 

(4) Acute or chronic poisoning with such drugs as benzol, acetanilid, the sulfonamides, 
aminopyrme, lead, mercury, and arsenic (arsphcnaminc), thiouracil, dmitrophcnol, bar- 
biturates (rarely). (5) During acute anaphylactic reactions (6) After excessive radiation 
(7) Cachectic or debilitated states. (8) “Exhaustion" of the marrow, as in idiopathic 
aplastic anemia, and some cases of leukemia. (9) Displacement of the leukopoietic tissue 
of the marrow by other tissue, as in pernicious anemia, leukemia, or metastatic neoplasm. 
(10) Primary splenic neutropenia. (II) With a deficiency of folic acid 

A “simple leukopenia,” usually of moderate degree (3000 to 5000), is observed occa- 
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sionaliy in otherwise ^apparently normal individuals The differentia! count may be noma! 
or there may be a slight relative lymphocytosis. There is not necessarily any evident * 
crease in resistance to ordinary infections. 

The lymphocytes are reduced in absolute number (1) after excessive radiation, (2) 
during the scute stage of most infections, and (3) in conditions in which the fppW 
tissue is replaced by other tissue, as in myelogenous leukemia, advanced Hodghn’i 
disease, and extensive tuberculosis or carcinomatosis of the lymph nodes 

Blood Platelets 


The blood platelets, or thrombocytes, are round or oial bodies usually 3 to 3p n 
diameter, although they vary greatly in sire and shape. In films they show a marled 
tendency to form clumps With Wright's stain they show a faintly bluish background 
studded with numerous fine, dull purphsh-red granules which resemble chromatin Tiff 
contain no nucleus They arc believed to arise from the megakaryocytes, the muhinucltaid 
giant cells of the bone marrow, as pinched-off fragments of the cytoplasm of these tells 
Howell CI9J7) has demonstrated that in cats they are formed from megakaryocytes lymg 
in the pulmonary capillaries rather than in the bone marrow. In pathologic conditions, 
particularly tti chronic myelogenous leukemia, occasionally in Hodgkin’s disease and per- 
nicious anemia, large masses of cytoplasm may be found in blood films. 

In these conditions megakaryocyte nuclei are occasionally’ found in the Wood, The 
typical, large ) obalc nucki see/) m marrow films cannot pass through the pulmonary 
capillaries, but small nuclei or nuclear fragments may get through They are two to few 
times the diameter of a red cell or larger, round, oval, or irregular in shape, and tike«n 
intense, reddish-purple stain. The chromatin tends to be condensed slightly m 
splotches or irregular bands separated by somewhat paler staining areas, giving '■ 
nucleus an irregularly striped or coarsely spotty appearance. The nuclei may be rake , w 


there may be small, ragged fringes of platelet material attached. . 

Platelets arc indispensable for norma! blood coagulation Their life is brief, about j , 
or four days. They are thought to be removed by the spleen and other reticuloenao t 
tissues The stated normal number vanes with the method used to count them (see p 
Platelets are ma eased in most conditions associated with active cell formation 
marrow Among these arc (1) many acute infections, (2) after hemorrhage, (3; c 
myelogenous leukemia, (4) polycythemia, (5) Hodgkin's disease -monk. 

Platelets are diminished m (// idiopathic purpura hemorrhagica, (3) pernicious 
(3) aplastic anemias, (4) acute leukemias (the '‘primary” thrombocvwpewaiM i » ^ 
severe infections, (6) acute or chronic poisoning with benzol, ” duK "’ P 
gold salts, mrvanol, sedormid, barbiturates (rarely), etc., and (7) after cxc 
(secondary thrombocytopenias). 



CHAPTER 15 


Diseases of the Blood 


Diseases Involving Primarily the Red Cells 

Anemias 

By anemia is meant a reduction below the normal in the amount of hemoglobin 
(and usually in the number and volume of the red cells) per unit volume of blood. 
It indicates a failure of the rcd-cell-forming tissues of the bone marrow to keep 
pace with the loss or destruction of red blood cells. It is a symptom of a great 
variety of unrelated diseases. 

There is no single scheme of classification of the anemias which is comprehensive and 
satisfactory. The most logical method is based on the pathogenesis of the anemia (1) 
Those due to loss of blood, the posthemorrhagic anemias. (2) Those due to inadequate 
blood formation, the deficiency anemias and the aplastic anemias (3) Those due to in- 
creased blood destruction, the hemolytic anemias There are pracucal difficulties in the 
application of this classification, because in many cases inadequate blood formation and 
increased blood destruction both play an important role In general a low reticulocyte 
count suggests inadequate blood formation, and an increase in bilirubin in the serum, in- 
creased blood destruction 

From the morphologic standpoint the anemias may be classified according to the mean 
corpuscular hemoglobin or color index as hyperchromic, normochromic, or hypochromic; 
and according to the mean corpuscular volume or volume index as macrocytic (megalo- 
cytic), normocytic, or microcytic. This classification has practical significance, since, m 
general, macrocytic anemias arc benefited by liver or liver extract, whereas the hypo- 
chromic anemias are helped by iron The terms, however, should be regarded as descrip- 
tive, and not as diagnostic The terms “normocytic" and “normochromic” should be un- 
derstood to mean merely that the average volume or hemoglobin content of the red cells 
is within normal limits Otherwise they may be misleading, since the cells may be ab- 
normal in other respects, and individual cells may be markedly abnormal in size and color 

In a strict sense there are no hyperchromic anemias, since normally the red corpuscles 
arc saturated with hemoglobin and supersaturation has not been observed The term 
hyperchromic, however, is sometimes applied in a descriptive sense to those anemias in 
which the red cells in films appear unusually dark because of an increase in the thickness 
of the cells. 

The current tendency is to drop the use of the old terms “primary anemia,” supposedly 
due to some inherent disease of the blood forming tissues, and “secondary anemia,” due 
to some obvious extraneous cause, although it is sometimes convenient to use them. 

ANEMIAS DUE TO LOSS OF BLOOD 

These anemias arc hypochromic and usually microcytic. 

Acute Posthemorrhagic Anemia. The danger to life from a single profuse 
hefnorthage is from circulatory failure (shock) due to the lack of a sufficient 
volume of blood to fill the vessels, and not from a deficiency of hemoglobin. The 
431 
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first Step m regeneration after an acute hemorrhage is the Testatum of ph^a 
volume, by the passage of tissue fluids into the vessels. This results in a dilution 
of the blood, with a gradual fall in red-ccfl count and hemoglobin, which Urn 
complete until from 24 hours to three or four days after bleeding has ceased. The 
resulting anemia stimulates a rapid production and outpouring of new red cefls 
which at first are normal reticulocytes. After a few days, however, the new 
tend to be imperfectly formed, to be inadequately supplied with hemoglobin, and 
to be hurried into the circulation before development (maturation) is complete. 
Reticulocytes are increased, polychromatophilic cells appear , and occasionally 3 lor 
normoblasts. There is usually a neutrophilic leukocytosis and an increase in plate- 
lets. The new red cells tend to be smaller than normal and are pale. The color 
index and volume index fall. With the influx of new cells there is a gradual rise in 
the red-cell count and (more gradual) in hemoglobin. The maximum abnormalities 
in the cells, however, are not reached until about the sixth or eighth day h 
otherwise normal individuals completely normal conditions are restored usually 
after about 30 to 60 days. As a rule these changes in the red cells are only slight 
in degree after a single hemorrhage, no matter how profuse. They my become 
marked in the case of continuing or quickly repeated bleeding. 

Chronic Posthemorrhagic Anemia. The changes in the blood are usually 
similar to those described above, but they tend to become more marked. In se\«c 
cases there is a marked degree of anisocytosis, a majority of the red cells are smaSn 
than normal in diameter and volume, microcytes are numerous, and some p&ilo- 
cytes may be present. As the iron stores of the body become depleted the cor>«fl 
tration of hemoglobin in the cells diminishes, the color index and the saturation 
index fall, and the cells are pale. The centers may he colorless, so that the cc 1 
look like rings (pessary forms). There is no increase in the bilirubin in the 
This is the typical picture of a hypochromic microcytic anemia. The degree o 
anemia may be severe. Counts of two million red cells and 20 per cent of « n0 ‘ 
globin arc not unusual, and rarely they may fall to half these figures. 

The bone marrow is hyperplastic, and the predominant cells are normobhsK 
fatty marrow of the Jong bones is often replaced by such red hyperplastic m®** CBts 
While active formation of red cells continues, immature cells will be present ^ 
with protracted bleeding, however, the marrow may become exhausted W* purT riif 
such cases the immature red cells disappear, and there may be a reduction m wWJ 
of leukocytes and platelets. In exceptional cases of this type, particu ar y ^ ^ 
having long-continued small hemorrhages, the few cells which are forme 
nearly normal, and the color index may approach 1 0. 

Identical changes are met with in hookworm infection (See p ■) 


ANEMIAS DUE TO INADEQUATE J5LOOP FORMATION 

Anemias Related to a Deficiency of bon ^ 

These anemias are hypochromic, and usually microcytic m 
(1) Anemias due to lack, of * ron * n ^'ct, seen most requent ^ 3 nctnu 
young MU.cn on a diet consisting largely or exclusively « ™ ' „( 

uppeL carter and is more severe in children oi anemic mothers, beca 
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adequate storage of iron in the fetal tissues. (2) Anemias due to faulty absorption 
of iron from the digestive tract, as in chronic diarrhea, colitis, and some cases of 
sprue and idiopathic steatorrhea. (3) Anemias due to loss of tron by external 
hemorrhage (already discussed). (4) Anemia in severe hookworm infection. (5) 
Anemia in some cases of cancer, particularly of the gastrointestinal tract. (6) 
Anemia in some patients after extensive operations on the stomach. (7) Idiopathic 
hypochromic anemia. (8) Chlorosis. 

Idiopathic Hypochromic Anemia (Primary Microcytic Anemia, Simple Ach- 
lorhydric Anemia, Chronic Chlorosis). This is a chronic disease largely (95 per 
cent) limited to women, chiefly those between 20 and 50 years of age. Clinically 
it is characterized by an insidious onset, by the gradual development of marked 
weakness, lethargy, and nervous instability; and by digestive discomforts: gaseous 
distention, epigastric pain,, occasionally diarrhea and anorexia, or a fickle appetite. 
This often leads the patients to avoid meats, fruits, and green vegetables — foods 
rich in iron— and thus the anemia is aggravated. Marked loss of weight is excep- 
tional. 

Soreness of the tongue and mouth is common. There is a glossitis and stomatitis 
which lead to atrophy of the mucous membrane. In at least half the cases there is 
atrophy of the papillae about the tip and margins of the tongue The process often extends 
to the dorsum of the tongue, which becomes smooth and polished m appearance, and to 
the lips, which may show cracks and fissures about the corners of the mouth In a small 
group of cases (Plummer- Vinson syndrome, anemia wit A dysphagia) it extends into 
the pharynx and hypopharynx, causing dysphigu, which is attributed to reflex spasm of 
the inferior constrictor 

In about half the cases the nails become tender, thin, and brittle, they tend to loosen 
from the nail bed. and may become flattened or even concave and spoon shaped on the 
dorsal surface ( failonychia ) Vaughan has observed this also in chronic posthemorrhagic 
anemia 

Paresthesias of llic extremities are common, as in pernicious anemia, but combined 
sclerosis of the cord docs not occur 

Menorrhagia is a common symptom, and the anemia may erroneously be attributed 
simply to the loss of blood. Otherwise there is rarely any abnormal tendency to bleed, 
or any disturbance of coagulation Fertility is but little aflected 
The spleen is enlarged in about 40 per cent of the cases. 

The sh<n becomes inelastic and wrinkled, it may be waxy white or show slight brown- 
ish pigmentation. The sclcrae are bluish white. There is ncser jaundice 

The gastric puce shows a hypochlorhydria or an achlorhydria in at least 85 per 
cent of the cases, and a complete achlorhydria after histamm in about 60 per cent. 
Mucus is abundant. The ordinary ferments are often diminished or absent, but 
the intrinsic factor of Castle is retained. 

The blood shows all the features characteristic of a hypochromic microcytic 
anemia, as described in posthemorrhagic anemia. In the average patient the red 
cell count is between 35 and 4.0 million, the hemoglobin 6 to 8 Gm., or 40 to 
50 per cent. In severe cases, they may fall to 1.5 million and 2 0 Gm. The striking 
features arc the extreme pallor of the cells and the degree of reduction in the color 
index (03) and in the mean hemoglobin content (llyy) and hemoglobin concen- 
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nation (32 per cent) in the red cells which may develop. The leukocjtes ,»J 
platelets are usually normal. 

In untreated cases reticulocytes are sparse. However, biopsy shows the bon; 
marrow to be markedly hyperplastic (normoblastic). There appears to be some 
obstacle to the maturation of the cells. An effective stimulus to their maturation 
and delivery into the circulation is provided by the administration (by mouth) cf 
large doses of iron (6 Gm. or more per day of iron and ammonium citrate, or 13 
Gm. of ferrous sulfate). In severe cases within three or four days after an adequate 
dose of iron is started, there is a rise in reticulocytes which reaches a peak on the 
seventh or eighth day, and which is roughly inversely proportional to the hemo- 
globtn percentage A satisfactory response is indicated by a rise in reticulocytes to 
15 per cent if the hemoglobin is 20 per cent; to 8 per cent, if the hemoglobin « 
40 per cent; and to 5 per cent, if the hemoglobin is 60 per cent; and by an average 
daily rise in hemoglobin of at least I per cent (in some cases 2 per cent). Ad 
equally striking rise may be obtained in severe hypochromic anemia of other types, 
as in hookworm anemia (Castle and Rhodes, 1932), and even (temporarily) 
cancer of the stomach. There is prompt relief (not always complete) of the 
symptoms and subsidence of the physical signs, except that the lingual atrophy 
and the achlorhydria usually persist. Liver extracts arc ineffective. 



The disease is rarely directly fatal, even if untreated, but it often causes a pr otnete 
and profound degree of chronic invalidism. There is little tendency to spontaneous 
remission until after the menopause. Ants 
acerbation may be precipitated by a P fC & 
nancy, or by intcrcurrent infections. 

The etiology is still obscure A mijorlicwt 
is deficient iron absorption resulting ton 
the defective gastric secretion In sornc css 
the latter is attributable to an 
stitutional (sometimes familial) df " c , 
some it may be due to a chronic 
severe anemia of any type, however, 
cause a temporary disappearance o 
hydrochloric acid from the gastric >««*• 
identical condition has been described i 
patients (male as well as female) a ter 
enterostomy, after extensive tom „k 

and in some cases of cancer of ^ j f0 „ 
Other contributing causes arc an inadequate, ill-balanced diet, and the lin cc 

reserves resulting from menstruauon and pregnancy i e e 
relapse occurs if the administration of iron is stopped. , , cent j ? noM 

The great significance of chrome occult bleeding has been emp . postil 

by Heath. It is quire possible .ha, the syndrome ,s merely a . >/' o*« d*« 

rhagic anemia complicated by tnadeqoate absorption of iron and perhaps oy 

'cBnial'y id.opalhic hypochromic anemia 

dthough the changes in the blood arc entirely different. „ c «tion, and 

„ that both apparently depend on (Afferent) defaeneies rf ™ “ b3 , gesel^ 
accasiobally arVfamilral. In several families idiopathic hypochronti. anem 


Red blood corpuscles showing deficient 
hemoglobin (achromia). From a well milked 
case of chlorosis. Wright’s stain. ( X 75 0 ) 
(Courtesy, J C Todd: Manual of Clinical 
Diagnosis, Philadelphia, W. B. Saunders Co ) 
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m females and pernicious anemia in males, and rarely both diseases have developed 
successively in the same individual. The possibility of a double deficiency must be re- 
membered, although outspoken examples of this are surprisingly rare. 

Chlorosis. Chlorosis is described as a disease of unknown etiology, limited to females 
and occurring chiefly during adolescence, characterized by the development of an anemia 
of the hypochromic type, and by a prompt response to iron medication The blood changes 
are identical with those in idiopathic hypochromic anemia The chief clinical differences 
are' (1) the younger age incidence in chlorosis, which usually subsides spontaneously 
at the age at which idiopathic hypochromtc anemia is most frequent; (2) normal or 
excessive amounts of hydrochloric acid in the gastric juice in chlorosis; and (3) the 
response of patients with chlorosis to smaller doses of iron. It is probable that chlorosis 
is due simply to an extreme lack of iron in the diet Chlorosis has become rare in all 
countries and has practically disappeared in the United States 

Anemia Due to Deficiency in Copper. In animals (cattle, sheep, rats, swine) a diet 
grossly deficient in copper as well as in iron produces an anemia which does not respond 
to the administration of iron alone, but which improves promptly if copper is also given 
A minute amount of copper is apparently necessary for the utilization of iron It is very 
doubtful, however, whether a significant deficiency in copper occurs naturally in man, 
even on poor diets, except possibly in young children 


Anemias Related to a Deficiency of the Antianemic Factor in Liver 

These anemias arc macrocytic, and usually hypcrchromic in type. They include: 
(1) Primary pernicious anemia (by far the most frequent and important). (2) 
Some cases of sprue, idiopathic steatorrhea, and other chronic intestinal dis- 
turbances (fistulae, multiple anastomoses, chronic obstruction). (3) Dtphyllo- 
bothntim latum (fish tapeworm) infection. (4) Cancer of the stomach (rare). (5) 
Complete resection of the stomach. (6) Chronic diseases of the liver. (7) Preg- 
nancy (rarely). (8) Tropical megalocytic anemia. 

Recent work by Minot, Castle, and many others has shown that the normal 
development and maturation of red cells is dependent on the activity of a specific 
substance which is commonly called the antianemic principle of liver, or erythro- 
cyte-maturing factor. The production of this antianemic principle depends upon 
the interaction of two other substances: (1) an extrinsic factor which is furnished 
by the diet and is abundant in muscle and in yeast, rite polishings, eggs, milk, and 
liver (not identical with any of the recognized fractions of the vitamin B 2 com- 
plex); and (2) an intrinsic factor, which is present in normal gastric juice (possibly 
secreted also in the proximal part of the duodenum), and presumably is a ferment, 
although it is not identical with any of the previously recognized gastric ferments. 
The effective utilization of this antianemic principle depends also (3) upon 
adequate absorption from the gastrointestinal tract, and probably (4) upon its 
storage by the liver, and presumably upon its orderly release by the liver and 
distribution to the hemopoietic tissues as it is needed. A disturbance of any one 
of these functions, whatever the cause, tends to produce an anemia which is 
macrocytic and hyperchromtc in type. A macrocytic anemia may occur, however, 
in diseases which arc not associated with a disturbance of the anti-pernicious 
anemia principle (leukemia, primary aplastic anemia, etc.). 
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in pernicious anemia the disturbance k doe a a pari, a! 0 r complete lack of lie la™ 
fector in the gastric juice. This is associated with a ma r ktd atrophy of the mucosa 
ffte fundus, and a disappearance of the chief and pariefaf cells, but without notah 
changes in the pylonc region. U sprue and allied conditions deficient jWjm 
probably the usual cause. In chronic liver difease, impaired capacity to store or nossifel 
W elaborate the material may be at fault. In some cases, as in certain tropica! mm. 
there may be a lack of the extrinsic factor in the diet. In pregnancy there is probably v 
increased demand together with a relatively inadequate formation of the substance 
Any of these anemias is usually relieved by supplying adequate quantities of the pic 
formed active materia), as by feeding liver or by injecting parenterally suitable extracts <?l 
bver. Various British investigators have emphasized the fact that the administration of 
snarmite (an autolyzed extract of breivers’ yeast) is as effective as liver in those cases 
m which the anemia is due to lack of the extrinsic factor, in many cases of sprue and 
idiopathic steatorrhea, and to a limited extent in some cases of pernicious anemia. 

The active principle as h is obtained from fiver differs in its thermostability and h 
other properties from that present within the gastrointestinal tract ("addwin,” ''hfmfr 
poicttfi”) , and ifi the stomach tissue ("ventrtailut”). TVftere tin's elaboration occurs ii not 
fenowcu That the liver serves as a storehouse for the substance seems certain, and « 
probably participates in its production, ft has keen demonstrated in the liver of patients 
dying of unrelated diseases by injecting suitable extracts of such livers (autopsy matrna') 
into patients mth pernicious anemia and observing a reticulocyte crisis, but it is absent 
from the liver of patients dying of untreated pernicious anemia. It also disappears h° m 
the otherwise normal fivers of gasticctottMxcd swipe, and of swine in which sprue has 
been experimentally produced 

The chemical natiire of (fie active material has not been determined, although potent 
highly concentrated preparations have been obtained (e.g., anahemin of Dakin and View* 
Strandell reported one preparation which was effective in a dose of 2 mg 
Although the changes in the blood arc usually more characteristic and more ftw« c 
in degree in untreated cases of pernicious anemia than in the other conditions mention* , 
in some cases of the latter (e.g., sprue, fish-tapeworm infection) they may be ino'V 
ringuishable In all these conditions the bone marrow shows megalobUmc hyp* 5 ?" 5 
in varying degree j 

Achrestic Anemia. Israels and Wilkinson (1936) reported under lk»s term » g 1 
cases in which severe macrocytic ancnua, hyperplasia of the bone marrow, bu 
hydrochloric acid in the gastric juice were manifest The patients did not 
fiver extract The erythrocyte maturing factor has been found in the lmr w * _ 

The anemia was attributed to a defect m the marrow which rcn-Vred it iin»ote 
the active principle It is doubtful whether this group can be s parated «om o 
of refractory anemia of unknown cause. 

Pernicious Anemia. Pernicious anemia is characterized clinically by a " 
onset, usually in adults of middle age; by the gradual development e » . 
anemia, with weakness, dyspnea, and other symptoms of bemog 0 ™ 
by a protracted course, marked by remissions and exacerbations; 41* 
cases) by a fata! termination- 

During the active periods of the disease itgestm itstutbmr'i «“*“£ f m ,a 
gaseous distention, epigastric discomfort, sometimes nausta . „ d tans"* If 

blood destruction. 
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Paresthesias of the extremities nearly always develop, and are often an early symptom 
Focal degenerations of the spinal cord {combined sclerosis) are common. They occur 
(l) in the posterior columns, causing ataxia, weakness, and minor sensory disturbances, 
particularly loss of the vibratory sense over the lower legs, diminished reflexes, occasion- 
ally hyperesthesias; (2) in the lateral columns, causing spasticity, exaggerated reflexes, 
and less often sphincter disturbances These changes are not proportional to the anemia, 
and may antedate it Rarely combined sclerosis occurs in patients who do not develop 
an anemta, although as in typical pernicious anemia they show an achlorhydria, and 
usually some degree of macrocytosis. Combined sclerosis is extremely rare in the other 
related anemias Peripheral neuritis also occurs and may account for the paresthesias in 
some cases Minor cerebral disturbances are common 

In practically all cases there is a gastuc achlorhydria, even after histamm in- 
jection. The volume of gastric secretion is scanty and is increased but little by 
histamm. Mucus is scanty The ordinary ferments are usually diminished, and 
often absent (true achvlta). The gastric deficiency is permanent, even in well- 
treated patients A few rare cases have been reported in which free hydrochloric 
acid was present in the gastric juice of the patient. The intrinsic factor has been 
absent in patients of this group who have been tested as to this point. There is 
some evidence to indicate that the lack of intrinsic factor in pernicious anemia, in 
some cases at least, is relative rather than absolute. It has been suggested, without 
as yet definite proof, that variations in the amount of intrinsic factor secreted may 
account for the fluctuations in the course of the disease. 

The blood shows a marked reduction in the red-cell count, frequently to 2.0, 
rarely to 0.5 million or less. The hemoglobin is relatively less reduced, so that the 
color index and mean hemoglobin content of the cells are increased. The volume 
index and mean corpuscular volume arc also increased, more regularly and often 
more markedly than is the color index. The hemoglobin concentration in the cells 
is normal or slightly reduced. Anisocytosis is marked, and in severe cases it be- 
comes more pronounced than in any other anemia. Poikilocytes, microcytes, and 
macrocytes are numerous. Large, oval, deeply staining cells are highly characteristic, 
and a few are usually present in the early stages of the disease and during the re- 
missions. The mean diameter is increased (to 8.5 to 9>i), and the cells arrf dark (the 
thickness is also increased) 

A few normoblasts are present in most of the patients with marked anemia. 
Typical megaloblasts are present at some stage of the disease in untreated patients, 
hut they may be hard to find. They can rarely be found after treatment with liver, 
even though this is inadequate in quantity. During the blood crises which occasion- 
ally occur in untreated patients, there is a sudden outpouring of normoblasts and 
megaloblasts, reticulocytes, polychromatophihc cells, and cells with nuclear parti- 
cles. 

The platelets are reduced. There is a leukopenia. A few myelocytes arc often 
present, but on the other hand there is a “shift to the right” in the sense of Arneth, 
with occasional huge neutrophils containing hypersegmented nuclei with 6 to 10 
lobes, “pernicious anemia neutrophils." 

During the exacerbations of the disease there are mild jaundice, an increase in 
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the bi)ir«bm in fhe serum, ami ail the other characteristic features of a hetaolyfc 
anemia. It is generally believed, however, that this increased blood destruction is 
not a primary cause of the anemia, but is the result of the entrance into the orco 
lation of imperfectly formed cells which fall ready victims to the normal physiologic 
processes for the removal of defective cells. 

According to Minot, whose views are widely accepted, the fundamental dis 
turbancc in pernicious anemia is inadequate cell formation. Although the marrow 
is hyperplastic, the mcgaloblasts arc unable to complete their development and 
produce erythrocytes. There is an arrest of maturation, which is relieved by the 
administration of the active principle of liver. 

This view has been questioned, however, notably by Dobriner and Rhoads (1958), 
who attempted to measure the rate of cell formation and destruction in various MJgtt 
of the disease. They utilized the rate of excretion of urobilin as a measure of re <t 
destruction, and that of coproporphyrm J as a measure o( red-cell formation A t 0U P 
this substance is nor directly concerned in the production of hemoglobin, they 
js a constant by-product of the synthesis of coproporphyrin HI, which is a i constitueB o 
hemoglobin, acid that it can be used to measure the rate of formation of the J 
pernicious anemia during a relapse they found cell (hemoglobin) pro “jl 0 ®" 
accelerated, as welt as cell destruction During a remission the rate « ee 
fell to normal, and the rate of cell formation was also somewhat reduced. They 
therefore, that lack of erythrocyte-maturing factor results in increased hem y 
than in a quantitative reduction in cell output. 

In patients with a red-cell count below 35 million adequate li«t *«P ? “ 
folios ved by a transient reticulocyte emit, tvhtch bejpns on about t e j; 
and reaches a peak on .about the seventh or eighth day. The heg 
varies inversely with that of the initial red-cell count. 

With a red-cell count of I 0 million the reticulocytes should citkt > 

with 2 0, about 20 per cent, and with 3.0, about 5 per ceno , hc toe * 

mistaken diagnosis, inadequate dosage, or some comp tea t '3 i ct sculoe,tc response, 

active pr.ne.ple ha, been too small, as indicated by an nadeqmste "£°S»»»« i f 
an increase tn the dose ,v,ll be followed by effect on the t«* 

initial dose was adequate, a further increase svdl 1 1 vJlK ^ ^ control d 

cytes. These observations have proved to be of grnt pi ^ ^ ^ tiornu! 

indicates that the maintenance ^ 

‘th^u^rred-ee,, count dming the best two week, jJ*£S5&« 
me in reticulocytes and in some cases « f Z adequacy of this nse. 

response. Della Vida has devssed a format ^ 

x indicates the aseruge weekly mem she resell conn, - 

sz. "is « zssz - *• • 
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equivalent doses by month. With die best preparations a maximum response follows 
the daily intramuscular injection of cxtraet from 15 to 20 Om, of liver. A normal count 
can usually be maintained by a similar dose given once a week, and in some cases once 
a month. Patients with combined sclerosis require far larger doses, continued for many 
months. To control this process it may be necessary to give two or three times the amount 
which suffices to restore and maintain a normal rcd-ccll count. Improvement at best is 
slow, and is limited by the degree to which irremediable atrophy of nerve cells has 
occurred 

Dried defatted stomach administered by mouth is as cfTcctivc as liver so administered. 
Folic Acid. Folic acid ( L cata factor), cither derived from natural sources (liver, 
yeast, etc) or synthesized (ptcroylglutamic acid), causes a reticulocyte response and a 
rise in the red cell count in pernicious anemia and the related macrocytic anemias which 
appear to be essentially identical with those produced by potent liver extract Tolic acid 
is active either on oral or parenteral administration, and it is usually effective m a dose of 
? to 10 mg per day It is not yet known whether it is as satisfactory as liver extract in 
maintaining remissions and particularly in preventing degenerative changes in the nervous 
system 

The mechanism of its action and its relation to the antiancmic principle of liver arc 
not known It cannot be identical either with the latter or with the intrinsic factor. It is 
apparently not identical with the extrinsic factor as the latter is usually defined, although 
there may be a relationship between them 

In scseral species of animals a diet deficient in folic acid has resulted in the appearance 
of a severe macrocytic anemia, often associated with a leukopenia and thrombocytopenia 
Although much has been learned regarding the pathogenesis of pernicious anemia, the 
underlying cause of the defective gastric secretion remains obscure In some cases it is a 
f. inulnl constitutional defect Many families have been reported m which two or more 
members have had pernicious anemia, or in winch other members have had achylia. Most 
patients with pernicious anemia arc sthenic in type and have a light complexion, with fine, 
often prematurely gray hair. However, the disease may (rarely) occur in negroes. 

The theory that a chronic dietary deficiency plays a part is attractive and receives some 
support from the experiments of Miller and Rhoads (193?). By feeding swine a suitably 
deficient diet, they produced a diseased state closely resembling tropical sprue and (less 
closely) pernicious anemia in man. These animals showed an anemia (usually macrocytic), 
with gastrointestinal disturbances and stomatitis, the intrinsic factor disappeared from 
the gastric juice and the antiancmic principle from the liver, and the bone marrow showed 
megaloblastic hyperplasia The condition responded to injections of liver extract. 

In members of the poorer classes in Africa and the Orient, however, who subsist on 
grossly inadequate, unbalanced diets and who often show marked nutritional anemias 
which may be macrocytic, typical pernicious anemia is rare. If a dietary deficiency be 
the cause of pernicious anemia, either it must be a highly specific one, or more probably 
it must operate in conjunction with other factors not yet recognized. 

Tropical Mcgalocytic Anemia. Tins is a disease described as occurring in the native 
population of west Africa, India, and China (Wills and Mehta, 1930). It occurs chiefly in 
women between 20 ami 30, and is often precipitated by pregnancy The symptoms are 
those of any severe anemia. Edema is often marked There may be a glossitis, but marked 
gastrointestinal disturbances arc exceptional, and achlorhydria is rare The blood shows a 
microcytic hypcrchromic anemia which may be severe, with marked amsocytosis and 
many megnlocytes, but without an increase in scrum bilirubin, and hut few poikilocytes 
.ind polychromatophihc cells It is believed to be due purely to dietary deficiency (in 
extrinsic factor), as it is cured permanently by marmite It is cured by oral or parenteral 
administration of the cruder types of liver extract, but not by highly concentrated extracts 
(Wills and Evans, 1938). Recent studies suggest that a deficiency of folic acid plays a 
major part in the production of such anemias. 
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Sprue. Sprue is a tropical or subtropical disease of unknown origin occurring 
most frequently in India, China, and the East Indies, where it is apt to attxl 
white immigrants from temperate latitudes. It also occurs in the West Indies and 
has been observed in the southern United States. It occurs chiefly in adulrs, mote 
frequently in women. It is characterized by the gradual development of a chrome 
morning diarrhea with progressive emaciation, weakness, and anemia. The stools 
are typically bulky, grayish, pultaceous, and frothy, and contain large amounts of 
fat, chiefly as fatty acids. Glossitis and marked atrophy of the mucous membrane 
of the tongue and the entire gastrointestinal tract occur, associated with great 
flatulent distention. Free hydrochloric acid is present in the gastric juice in many 
cases, and (if absent) may return during a remission. The intrinsic factor of 
Castle has been present in some cases and absent in others. There arc no boot 
changes and no gross disturbance of calcium metabolism. 

Anemia is present in most cases, but varies much in severity (red-cell count 
usually about 3.0 million, but may fall below 1.0 million). It is usually macrocytic 
and mildly hyperchromic in type, resembling pernicious anemia except that lit 
abnormalities are less marked. The anemia often responds to yeast, and regubtl) 
to liver extract, which in large doses also relieves the buccal and gastroimestmH 
disturbances. Spies and others have reported marked improvement after admi»»- 
tratiott of folic acid. The anemia is probably due mainly to defective absorp i 
of the anttanemic pcinciple, or in some coses, to lack of the intrinsic actor, 
minority of the cases it is hypochromic, and responds to mm but not to 


Idiopathic Steatorrhea (Celac Disease, Nomropr'calSprue). Tb““ be 
temperate climates which usually begins ,n infancy or childhood, a ? 

recognized until adult life It is characterized (1) 

distention, and fatty but not frothy stools; (2> by a » a „ CKr i zM l by tssteopow 
with defective absorption of calcium sails and d (j) by entacum 

sis, pains in the hones, bone deformities and pathologic ’ fiCair> an d some 

and anemia, which are oilen severe Achlorhydria ,s rare i^S’eSwn of calcium <> 
degree of atrophy of the Ungual papillae is "« *™cwnm common lenticular 

increased, the blood calcium is often low, and o£ pellagra 

opacities may occur, and occasionally cutaneous eropMms ^ mhr ,ndet 

The anemia is usually hypochromic in type, l*” 1 "* 1 ''? . „ wtlun normal 

is low, and an.soey.osis ,s marked. The normoblasts have bee. 

limits, but in some eases ,t ts distinctly um , a „d it is attributed 

present. The anemia (but nut the other symptoms) i. relieved y 

to defective absorption of iron. ■ and mildly hyperchromia 

In other eases, particularly in adults, the anemia “ t ™'to “oemia responds to the ad 
resembling that commonly seen in sprue. In *» W h atB *„ted to defect* 

mims.ra.ion of liver, or large doses of disturbances ale also me* 

absorption of the antianem i.c pet megc. ™ S bdl „ c tht condition » identical 
relieved by large doses of liver exw 


relieved by large uoscs ^ 5 

-EirS. - DiphyJlobothrioin 

tot combined sclerosis rarely if ever occn , ■ . therapy, hut this must 

simply by expulsion of the worm. It is atso 
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tinued until the worm is expelled. Free hydrochloric acid is usually absent but may return 
after expulsion of the worm. Hernberg (1936) reported finding the intrinsic factor 

Anemia Due to Cancer of the Stomach. Cancer of the stomach often causes 
anemia, which ts almost invariably hypochromic and microcytic in type. In the 
absence of bleeding it is usually moderate in degree, but may be extreme (R.B.C. 
1.0, Hb 15 per cent), and quite like that in idiopathic hypochromic anemia In 
rare instances a macrocytic hyperchromic anemia develops which may be indis- 
tinguishable from perntcious anemia. This may temporarily improve under liver 
therapy, and is attributed to loss of the intrinsic factor. The anemia which fol- 
lows extensive operations on the stomach also is more often hypochromic than 
hyperchromic in type. 

On the other hand, the development of carcinoma of the stomach during the course 
of pernicious anemia is relam ely common. Kaplan and Rigler (1945) in autopsy studies 
found carcinoma of the stomach three times as frequent in cases of pernicious anemia as 
m others in the same age group The pathologic changes in the stomach which result in 
pernicious anemia appear to favor the development of carcinoma 
Anemia Due to Myxedema. Myxedema frequently causes an anemia which may be 
either hypochromic or hyperchromic in type. The latter type of anemia is relieved by 
liver therapy, and is attributed to a Jack of intrinsic factor, which may be temporary 
(relieved by administration of thyroid alone), or permanent (requiring continuous ad- 
ministration of liver, which controls the anemia, but not the myxedema). 

Anemia Due to Pregnancy. Pregnancy is so frequently associated with a mild 
hypochromic type of anemia that some have regarded this as physiologic. This 
usually increases gradually from the third to the seventh month, after which there 
may be some spontaneous improvement. The red-cell count not infrequently falls 
to 3 5 million, and the hemoglobin to 50 to 60 per cent. Occasionally much lower 
u figures arc observed. The anemia responds well to iron, and is due to an iron 
deficiency The latter is probably due in part, at least, to poor absorption, as- 
f sociatcd with the hypochlorhydria or achlorhydria which is commonly observed 
‘ during pregnancy. It is partly the result of an increased need for iron to supply the 
fetal tissues. The apparent degree of the anemia is somewhat exaggerated by the 
hydremia which is present. The anemia usually subsides after delivery Failure 
> to do so suggests the presence of idiopathic hypochromic anemia, which is 
^ markedly aggravated by pregnancy. There is apt to be a recurrence in subsequent 
pregnancies 

In relatively rare instances a hyperchromic macrocytic anemia develops. The 
ijj} changes in the blood resemble closely those in pernicious anemia There are evi- 
denecs of increased blood destruction. The disease is severe, runs a relatively acute 
\C course, without remissions, and is often fatal if untreated. It may appear during 
the puerpenum, but spontaneous recovery may occur after delivery. It responds 
** well to liver (frequently also to transfusions), and recovery is usually permanent. 

} It may not recur during subsequent pregnancies. There is usually free hydro- 
' chloric acid in the gastric juice, but subacidity is common. Lack of the intrinsic 
factor — presumably temporary — has been reported in a number of cases Strauss 
reported two patients who developed pernicious anemia later. 
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Myelosclerosis. This is a term applied by Moztr (1927) to a condition developing a 
adults somewhat similar to osteosclerotic anemia, in which the bones 6ecome abnormally 
dense but not widened, and the cellular marrow is replaced by fibrous tissue. Eventually 
o severe anemia develops, with erythroblastosis and splenomegaly. 

ANEMIAS ASSOCIATED WITH ACCELERATED BLOOD DESTRUCTION (llEMOUTIC AMMJo) 

Although accelerated blood destruction is a prominent feature of these diseases, 
in many of them inadequate blood formation is also important in the production 
of the anemia, fn some of them, as in pernicious anemia, sickle cell anemia, and 
probably hemolytic jaundice, the primary disturbance appears to be the formation 
of red cells which are inherently defective, and thus susceptible to the normal 
processes for removal of damaged cells. There is no conclusive evidence that anemia 
is produced by removal and destruction of normal cells, because of a pernicious 
overactivity of the reticule-endothelial tissues. 

In nearly all cases red cells which are defective or which have been damaged art Jt ' 
moved from the circulation before hemolysis occurs The mechanism of this process * 
been described in the previous chapter. If the rate of rcd-celi destruction is accelerate 
(or if the liver is injured), the liver may fail to remove the bilirubin from the serum a 
fast as it is formed A» a result bilirubin accumulates in the plasma and gives the a 
yellow color The icterus index rises, and the serum gives a positive (indirect) 

Bergh reaction The stem and sclerae become more or less jaundiced In some » 
may be deep, hut usually it is relatively ri.fiht, and the color a pale !emun.,ellt» ■»« 
than the orantte tint of obstructive jaundice. The tBBereiia. howevonij putely a 
uve one The colot in both cases is due to bilirubin. The mine becomes »r 
and contains increased amounts of urobilin and urobilinogen, ut ‘ ‘ panults. 
traces). The sediment may show renal epithelial cells comaming ^ inJ 

The urobilin in the feces is increased At autopsy the amout . tfco j 

spleen is increased These phenomena are market on y u g , limited to a 
destruction. If the latter ,s relatively slow, they will be slight, and perhaps urn 
small increase in the bilirubin in the serum. 

The rapid destruction of red blood cells in the body, ’ j s { m r, 

in which it occurs, gives rise to a characteristic c mica SJ™ ™ ■ rf jmtt 

sometimes a chill, sveakness and proslrat.on, pain m the back, a ^ 

colicky abdominal pain, with nausea, vomiting, an >aun i . ^ ^ unnKCIH ry 
simulate those of various acute abdominal conditions. 

^“Unces in which a iarge number of red cel.s 

cells may be hemolyzed in the circulation and the sq llbcI3t( d is W 

plasma (hemoglobtnemia). If ‘he amount o e g destroyed ao J the 

(When about one-s.xtieth or more of the red ceils arc *** 

concentration of hemoglobin in the P W* reaches about 13. mg- 
globinttria occurs. 

Fairley has shown in blackwater fever and ° ,hc I ert cd in the pbsna ^ 

nemta that much of die extracorpuscular hem ° 8 , lbumin< This is not w<rt ?* v- 
metkemalbumw, a combination of hematin w* P ' ^ ^ctroscopically, P fcfc ”J ^ 

the urine but is removed by the liver. It can be volume of serum W 

Schumm's method. A little ether is layered over a 
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tenth this volume of concentrated ammonium sulfide together with a tcvv drops of 
ammonia arc pipetted into the scrum The tube is shaken and examined directly for an 
absorption hand in the yellow-green (at 56S ni^j sec p. 8H, hemochromogcn). 

Hemoglobinuria is met with. (1) after transfusions of incompatible blood, (2) in 
paroxysmal hemoglobinuria, (3) m blackwatcr fever, (4) rarely in severe infections and 
intoxications of the types enumerated below (as in gas bacillus gangrene, and poisoning 
with arsemuretted hydrogen), and tn favism, (5) in march hemoglobinuria, and (6) in 
paroxysmal nocturnal hemoglobinuria. 

A fifniol)tic aneniui, usually without notable hctnoglobincmia or hemoglobinuria, is 
met with chiefly in the following conditions: 

1. Some acute infections, as gas bacillus gangrene, sepsis, especially puerperal sepsis 
and other streptococcat infections, typhoid fever, malaria, and Oroya fever Rarely a pro- 
found anemia may develop within a few hours. 

2. Some cases of acute poisoning with certain drugs! phenol, benzol, and their deriva- 
tives, nitrobenzene, trinitrotoliK ne, plienylhydrarine, aniline, acetanihd, sulfonamides; 
saponin, potassium chlorate, lead and other heavy metals; arsemuretted hydrogen; snake 
venom, etc. 

3. Rurcly in leukemia, Hodgkin's disease, carcinomatosis. 

4 Extensive burns 

5. Idiopathic cases, including the acute febrile hemolytic anemia of Lcdcrer. 

6. Favism 

7 Pernicious anemia and related mjirocyiie anemias during acme exacerbations of the 
disease. 

8 Familial hemolytic |.hiiuIilc 

9 Sickle cell anemia 

10 Icterus gravis neonatorum 

11. Cooley’s erythroblastic (Mediterranean) anemia. 

The morphologic changes m the red cells in anemias of tins type arc not dis- 
tinctive, except in the specific diseases pernicious anemia, hemolytic jaundice, and 
sickle eel! anemia. In severe eases sphcrocytcs may be found. Anisocyiosis and 
anisochromia arc usually moderate and arc typically less than in chronic post- 
hemorrhagic anemia of the same degree. The volume index (mean corpuscular 
volume) and color index may be somewhat reduced, hut more often they arc 
within normal limits, and occasionally they arc increased. These anemias are not 
hypochromic, probably because the iron from the cells which have been destroyed 
ts retained in the body and is readily available for the production of new hemo- 
globin Evidences of active reel-cell formation, reticulocytes, polychroinatophilic or 
stippled red cells, even normoblasts, arc usually present and may be numerous, 
as in lead poisoning. In acute cases there is usually a leukocytosis and an increase 
in platelets. In protracted chronic eases the blood may finally assume the features 
of an aplastic type of anemia. 

Paroxysmal Hemoglobinuria. This is characterized clinically by recurring brief 
paroxysms of chills, fever, pain in the back, prostration, cramps, vomiting or diarrhea, 
numbness in the extremities, and hemoglobinuria. The individual attacks arc usually 
precipitated by exposure to cold, or cxj«crimentally by holding the arm m ice water They 
are followed by jaundice and (hemolytic) ancmii winch may he severe (1UIC 10 
million). 

The hemolysis is brought about by an hemolysin of the usual complex lype Hie stable 
constituent (“amboceptor”) is j*eculiar m Out it will combine with cells only at a low 
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temperature. Once combined, it renders the cells susceptible to the lytic action of comple- 
ment when warmed to body temperature (the Donath-Landstemer phenomenon). 


No. 

Serum, 

I 05 ml 

Cell snspen * j 
sion, 0.2 ml. 

Complement, j 
ml. j 

| Salt Sol , ml 

| Positiie 
| Result 

1 

j Patient’s 

Patient's 

02 

01 

Hemolvsis 

2 

I Control 

Control 

02 

01 

0 

3 

1 Patient’s 

Control 

02 

01 

Hemolysis 

4 

1 Control | 

Patient’s 

02 

0.1 

0 

5 

. 

Patient's 

02 

06 

0 

6 


Control 

02 

06 

0 


The hemolysin can usually be demonstrated in the following simple manner. About 
1 ml. of fresh (warm) blood is placed in each of two test tubes and kept at boify tempera 
ture until the serum has separated. One tube is left in the water bath at 37 C as a 
control and the other is put in ice water for five to sesen minutes Then this is pbe in 

the water bath for an hour. If the serum in the control tube remains colorless, the 

presence of the hemolysin is indicated by more or less tingeing of the scrum in I c 
second tube. If the result is doubtful, a little additional complement is aaae to ear 
tube and the tubes returned to the water bath. (A I : 10 dilution of fresh S°' n “ v 
serum, or fresh normal human scrum of the same blood group is used; this » 53 
necessary if the blood has been chilled for more than 10 minutes.) . 

For more precise demonstration about 10 ml. of the patient’s blood is win 
warm syringe, about 8 ml. of the blood is allowed to clot (for serum) an , 

oxalated. The blood, solutions and apparatus must be kept at body temperatur S 
out alt manipulations The cells are washed and a 5 per cent suspension is F< ^ 
Ten ml. of normal human blood of the same blood group is secured and t 
same way A 1 : JO dilution of fresh guinea-pig serum is prepared as complem 

are set up as shown abo\e . . , t-.j. at 37* C 

All tubes are placed in ice water for 10 minutes and then tot e ^ ^ 

for half an hour. A positive reaction is indicated by hemolysis in tube K ) 
by absence of hemolysis in all the other tubes. „ , t , r for 10 » 

An attack may be prccipttatcd by .ntmettins the hands or fc« > , £ ^ 

20 minutes or by putting a ligature around a finger and hoi i g , proportion 

The condition is regarded as a rare late manifestation of svp . adequate 

of patients give a positive serologic reaction, and it can some patients with 

treatment of the syphilis The hemolysin has been observed n 

syphilis, who show no clinical symptoms of paroxysmal othcr rare fccn» 

conditions. The disease must be differentiated from blackwater fever »nfl 
of hemoglobinuria ( . v . rfinn sl)C h as long marches 

March hemoglobinuria may follow unusual muscular u. actually destroyed 

or standing for hours in a lordotic posture. The quantity of red cells 
is relatively small, and significant anemia rarely if ever occur . * nbtiyeJy common 

Paroxysmal Paralytic ’’Hemoglobinuria. This disease, teewnn? a ft3ci:J 

disease of horses, has been reported in a few human being ■ mDr e of less 

of extreme muscular weakness, followed by hemog o in , ^ j s ^oglobm 

marked muscular atrophy but little or no anemia The pig Q f pigment ( & 

The muscles in fatal cases show marked degenerative e ng myogl^JJ 

flesh”). A somewhat sumlar acute degeneration of st mt ^ . fl cats who 
has been observed in Komgsberg (“Haffkrankhe t ) wast c products of« ,,u 

had eaten fish which had ingested poisonous resinous > f,. syn d T ome 
factories. Myoglobmuna has also been observed in cases of ctusnsy 
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Paroxysmal Nocturnal Hemoglobinuria. This is a chrome relapsing disease of un 
known origin, characterized by an insidious onset with weakness, anemia, jaundice, aai 
later, recurring attacks of hemoglobinuria without obvious exciting cause, which usui’fv 
occur at night and lead to severe anemia. The blood shows a continuous hemocloh. 
nemia, a leukopenia, many reticulocytes, and normal fragility. Ham (1939) reported that 
the increased hemolysis occurred during sleep and was associated with a fall in the pH 
of the plasma The abnormality appeared to be in the cells, since they were hcmolped 
in acidified fresh serum, either of the patient or of normal individuals of the same blood 
group The sediment of I ml. of 5 per cent suspension of washed red cells of the patient 
is suspended in 1 ml. fresh serum to which has been added 0.05 ml. of N/3 hydrochloric 
acid, the suspension is incubated at 37 * C. Splenectomy has not been beneficial. (Re 
viewed by Hamburger and Bernstein, 1936.) 

In none of these conditions is there any relation to syphilis or to exposure to told, 
and the Donath-Landsteiner phenomenon is absent. 

Lederer’s Acute Hemolytic Anemia. This is a syndrome observed chiefly in children 
and young adults, and characterized clinically by an acute onset with fever, by the rapid 
development of a severe hemolytic anemia (R B C. to 1.0) with great prostration, jaundice, 
abdominal pain, vomiting and diarrhea, often purpura and hemorrhages, occasionally 
anuria and uremia. There is usually a leukocytosis, and often many myelocytes and 
some myeloblasts appear in the blood. The disease is often fatal if not properly treated, 
but can usually be cured by prompt and repeated transfusions, or, if these fail, by 
splenectomy. It cannot be distinguished sharply from other clinical types of hemolytic 
anemia of unknown cause, and is probably not a disease entity. 

Lead Poisoning. Lead poisoning frequently causes an anemia which is wuillj 
hypochromic and moderate in degree (R.B.C. 3.0 to 4.0 million), but may become 
severe. In severe cases it may cause an acute hemolytic anemia. The most thane- 
teristic feature of the blood is the appearance of many reticulocytes and stifF 
cells. These cells may appear within a few days after exposure to lead, in , e 
absence of appreciable anemia Although stippled cells may appear in any an«m» 
in which active red-cell regeneration is taking place, and although they tux} 
sparse m some cases of lead poisoning, their early appearance and their presence 
in large numbers is highly characteristic. 

Actual counts of stippled cells have been utilized to detect and measure the P 
of absorption of lead in industrial workers. In Germany a count of from ° . |prl 
million red cells has been regarded as an indication for enfort cd change o fpn . 

Beikrtap (1935) has found that men with counts of 590 to J 000 per rru 
tinue at work for years without clinical symptoms of lead poisoning, but pi 

increase above these figures was usually followed by acute symptom ff( j 
40,000 per million and more have been observed The number may ^ ^ 

counting the number of stippled cells tn 50 oiJ-immersion fields in an or ^ 

and mult.ply.ng this figure by 100 (the average number of red cells P» } jfc. 
200, and this should be roughly checked by those not experienced i 
Cord’s basophilic aggregation test (p. 392) should be used if the ce s a J^ en ,j f he tip* 

An increase m reticulocytes, although less specific, is an earner ana m fk hin 

of lead absorption than the appearance of stippled , ,£ nu mb« ? 

between the counts of the two types of cells. Jones (1935) fo od ^ * n H 
reticulocytes trebled svuh 100 .tippled cells per j"”* fi " m0 ,c tori*" 

1000 Stippled cells per million. Reticulocyte counts of 16 p nofm0 b!asti in jboul 
observed in acute poisoning. Jones found appreciable num 
5 per cent of the chronic cases 
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The resistance of the red cells to hypotonic salt solution is increased, but the cells 
appear to be abnormally fragile and susceptible to mechanical injury (Aub). 

Acetanilid. Acctanilid and related drugs in overdose cause a transformation of hemo- 
globin to methemoglobtn This imparts to the mucous membranes a characteristic, dusky, 
cyanotic tinge It can be recognized by spectroscopic examination, but must be differen- 
tiated carefully from sulfhemoglobin which gives a closely similar spectrum. As a rule, 
after removal of the poison there is a rever- 
sion to normal hemoglobin without much 
injury to the red cells. More rarely it causes 
a severe acute hemolytic anemia, associated 
with a leukocytosis and occasionally an 
erythroblastosis 

Sickle Cell Anemia. This is a heredi- 
tary constitutional anomaly practically 
limited to Negroes, transmitted by either 
sex as a dominant Mendclian character 
and distinguished by the tendency of the 
red cells (in sealed fresh preparations) 
to assume characteristic bizarre shapes 
The cytoplasm of the cells at two or more 
points becomes drawn out into elongated 
spinelike projections, so that the cells be- 
come crescentic, or more often oat-shaped 
or irregularly stellate. Hahn and Gil- 
lespie found that the cells would resume the normal shape if oxygen was supplied 
to the preparation, and would again “sickle” if it was withdrawn. These distortions 
are not seen in ordinary fixed films, except to a slight extent in a few cells in the 
severe cases. Sickling within the vessels has not been directly observed. 

A majority of the individuals who show this trait are symptomless In a few cases (about 
2 5 per cent in the United States) recurring attacks of acute hemolytic anemia occur, 
with partial recovery in the intervals In addiOon to the usual symptoms due to acute 
hemolysis, older patients often complain of deep-seated pain in the bones and joints, 
often associated with osteoporosis in roentgenograms, and chronic punched out ulcers 
over the lower legs. The skull may show changes similar to those in Mediterranean 
anemia Many cases show cardiac dilatation and clinical manifestations of myocardial 
insufficiency Peripheral thromboses are frequent The spleen is often enlarged in young 
children; later it becomes small and fibrotic Symptoms appear in childhood (if at all), 
and if severe, the prognosis is unfavorable Retardation of development, both mental 
and physical, is common. 

The degree of anemia is variable, but it may be profound (R BC 10 million or less). 
The color index and volume index vary, but usually are about 1 0 There arc many 
reticulocytes and potychromatophihc cells, and often many normoblasts The resistance 
of the red celts to hypotonic salt solution is normal or increased. There arc usually a 
leukocytosis and an increase in platelets. In severe cases monocytes containing phagocyted 
red cells can often be found. 

Elliptical red relit, which occur as a rare familial trait in Caucasians, must be sharply 
differentiated The cells do not “sickle," and the condition usually doc* not cause 
anemia or impair the health. Such cells occur w cases of Mediterranean anemia (p 453). 



Sickle cell anemi3 Severe case showing an 
unusual number of sickled cells in a stained 
film Three normoblasts (Upper left ) Macro- 
phage containing a red corpuscle 
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Hemolytic Jaundice. Two types have been described: (1) a congenital familial 
form, and (2) an acquired form, occurring later in life, and without a familial 
history. 

Familial Hemolytic Jaundice. This depends upon a constitutional anomaly 
which is transmitted by either sex as a dominant Mcndelian characteristic. The 
disease usually becomes manifest during the second or third decade, and is 
characterized by recurring attacks ("crises”) of hemolytic anemia, with the usual 
symptoms of acute hemolysis and outspoken jaundice. The serum bilirubin may 
be increased to from 10 to 50 times the normal. In the intervals there is partial 
recovery, but some anemia and jaundice persist. The acute attacks may be 
precipitated by an acute infection or other associated disease, but often no exciting 
factor can be found. Gall-stones develop in about half the cases, and gall-stone 
colic and obstructive jaundice may mask the underlying disease. The spleen is 
regularly enlarged The bone marrow shows a marked hyperplasia which is usually 
normoblastic Extramedullary areas of hyperplasia may occur. The disease causes 
marked disability, but is rarely directly fatal. 

The degree of anemia is usually slight or moderate, but may be marked. The 
average red-cell count is from 3.0 to 3.5 million The color index and volume index 
(and mean corpuscular volume) are normal or slightly increased. The distinctive 
features are (l) The diameter of the red cells is diminished, but the mean 
volume is not significantly altered; hence the thickness must be increased, so that 
the cells are more globular than normal. Nacgcli (1919) termed them “sphero- 
cytes,” and regarded their formation as a manifestation of the constitutional 
anomaly underlying the disease. Krumbhaar has called the disease "spherocytic 
icterus” (2) The resistance to hypotonic salt solution is diminished. Hemolysis 
usually begins in concentrations from 0 5 to 0 6 per cent, rarely even 0 8 per cent 
(instead of 0.44 per cent), and may be complete at 0 4 to 0.48 per cent (instead of 
034 per cent) Not infrequently, however, the divergence from normal is relatively 
slight. (3) Reticulocytes are much increased, often to 10 or 20 per cent, rarely to 
50 per cent and more. Other evidences of regeneration are present, including 
frequently a few normoblasts. 

Splenectomy stops the rapid cell destruction and usually effects a permanent clintcal 
cure, although the abnormal shape and diminished resistance of the cells persist in some 
degree. Relapses have occurred, and in some cases have been associated with hyper- 
plasia of accessory spleens 

Not infrequently examination of the relatives of a patient reveals latent cates, with a 
slightly diminished resistance of the red cells to hypotonic salt solution as the only 
manifestation of the anomaly 

Chronic Familial Jaundice. Dameshek (1941) has described a familial form of 
chronic mild jaundice, with an indirect van den Ilergh reaction, but without evidence 
of increased blood destruction and attributed to a constitutional defect of the liver which 
interferes with the conversion and excretion of bilirubin. These persons showed no 
anemia, no splenomegaly, no spherocytosis, no reticulocytosis, normal fragility, normal 
or low urobilinogen excretion in the feces, and norma} marrow smears As far as ob- 
served there was no tendency to progressive liver disease, and except for delayed 
bilirubin excretion the usual tests for liver function gave normal values. 
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Acqu,«d Himo.vtk Iahmw*. As usuaHy Ms diffcrs tadmitntl% 

" familial type only in tlie late onset and apparent lack of hemhmy ham. 1th m* 
attributed to some infection or oilier organic disease („h,ch is not always dmomtabk) 
onmcally the disease is described as nsrnliy more severe than the fnU ,; t 
anemia more profound (R.B.C. avenges 20, minimum 05 million), and a fatal outmt 
common. Splenectomy is less regularly effective. The globular shape and diminished k 
sxtance of the red cells are often less c/ear-cut. As these features constitute the only de- 
cisive characteristics by which the condition car t be differentiated from ordinary acute 
hemolytic anemias, many have questioned its existence as a disease entity. 

Dameshek ^hfedtcine, 1940) has reported producing in animals, by injections of 
hemolytic serum, an. anemia which closely resembles acquired hemolytic jaundice in msn, 
including the presence of spherocytosis and increased fragility of the red cells. He has 
pointed out the frequent occurrence in man of spherocytes in severe hemolytic anemus 
of both known and unknown origin, and believes no distinction can be drawn hem era 
acute hemolytic anemia and acquired hemolytic jaundice. Spherocytosis would therefore 
not indicate a constitutional anomaly of the bone marrow, but would result from 
injury to the mature red cells in the circulation, presumably by some lytic substance w 
the plasma. Hemolysins ha\ e been reported in the serum of a few cases of hemolytic 
anemia m man, but as yet little is known about them. Acute hemolytic anemia hasbetn 
observed in a few patients whose bipod contained "cold agglutinins." 

Congenital Erythroblastic Anemia (Erythroblastosis Foetalu). This is a congenM 
familial (but not directly hereditary) disease which may appear in three distinct tkfed 
types, probably different stages or different degrees of severity of the same 
(Diamond, Blachfan, and Batty, 1933). Successive children in the same family °^ <R 
affected and may show different types of the disease. All types have the following 
characteristics in common. (1) A severe hypochromic type of anemia (RB.C. often * 
million or less). (2) Extraordinary numbers of circulating erytbroblasts (up to !<"> 
per cu mm ) of every stage of maturity. (3) Extreme hyperplasia of erythropoietic tisstK* 
both intramedullary and extramedullary, in the spleen, liver, and many other org?®*- 
(4) Great enlargement of the spleen and liver. (5) A leukocytosis with rowy «nma 
ceils or rarely a leukopenia and thrombocytopenia. (6) Ofien a bright golden ye 
vermx caseosa and amniottc fluid. 

Hydrops Foetalis. In this type the infant is stillborn or dies within a few hours, 
is marked generalized edema of the placenta and fetal tissues, cardiac dilatation, W 
and cyanosis. , . , ^ 

Icterus Gravis Neonatorum. There is jaundice, which may be present at bit , 
appear during the first 12 to 48 hour s. It increases rapidly to a deep orange- to 
Pctechiae may occur The tissues are deeply icteric, including in some cases ^ 
ganglia ("Kerm'ctcrus"), and there are extensive deposits of iron pigment tcl $ 

if untreated, is often fatal within the first week, but it can usually cu j[ e , va5 fied tti 
transfusions. Rh-negative blood should be given , or if this is not o \ TeC(l m- 

cells (not whole blood) from the mother may be used 5n severe cases it 
mended that a massive transfusion be administered while simultaneously , ^ ^ 
blood from another vein in order largely to replace the ongina 00 o renT !;Mf s, > 
that of a normal Kb-negative donor Recovery, if it occurs, is complete 1 
except for irremediable injury to the brain in some cases , , M C ceth* ? 

Congenital Anemia of the Newborn This is practically i f fl flow 
type except for lesser severity and the absence of jaundice- t « i j 

simple hypochromic anemias chiefly by the erythroblastosis ® n s P jncranp 2 ^'? 

It has been shown that ,n over 90 per cent o£ these ca ** ** *%#>. ^ ^ 
between the mother and fetus with respect to the Rh an ig . . t j,h 

the mother has been Rh-negawe and the ferns ^h-posi f eet«* de 

from an Rh-poshive father. It is believed that Rh from the 
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maternal circulation and stimulates the formation of antxRh anttbodies which in turn 
get into the fetal circulation and injure the red blood cells and other tissues. In rare 
instances other types of incompatibility seem to be involved Erythroblastosis occurs in 
only a small proportion of those infants in whom it might be anticipated because of such 
an Rh incompatibility (about 1 . 15) Erythroblastosis is much more likely to occur if an 
Rh-ncgative mother has previously received an injection of Rh-positive blood With each 
successive pregnancy with an Rh positive fetus the tendency to erythroblastosis is increased, 
and if erythroblastosis has appeared in one infant, there is virtually no possibility that a 
subsequent pregnancy (with an Rh-positive fetus) will yield a healthy, living infant. It is 
manifestly essential that every Rh-negative woman should be transfused only with Rh- 
negative blood If the father happens to be heterozygous, however, and carries one rh 
(negative) gene, there is a 50 per cent chance for the conception of an Rh-negative fetus, 
which will not develop erythroblastosis 

Mediterranean Anemia (Erythroblastic Anemia of Cooley, Thalassemia). This 
is a congenital familial constitutional anomaly largely limited to eastern Mediter- 
ranean races, including Italians The severe form, seen in children, is characterized 
by: (1) a hypochromic microcytic anemia which becomes severe (red cells 1,7 
million, Hb. 10 per cent), (2) marked amsocytosis and a bizarre type of poikilocy- 
tosis with thin cells which in fresh preparations are bowl-shaped and in stained 
films appear as target cells; oval cells are numerous in some cases, but sickling is 
stated not to occur,* (3) a marked erythroblastosis with normoblasts and macro- 
blasts (often 100 or more per 100 W.BC ); (4) increased resistance to hemolysis 
in hypotonic salt solution, some cells often remaining intact in 0 1 per cent saline 
and even in distilled water; (5) a leukocytosis, often with myelocytes and myelo- 
blasts in the circulating blood; (6) mild jaundice and hyperbilirubinemia; (7) 
enlargement of the spleen and liver; and (8) marked generalized hyperplasia of 
the erythropoietic tissue, leading to peculiar characteristic changes in the bones, 
especially the long bones and skull. The cortex is thinned, and the medullary por- 
tion becomes widened and porous, so that in roentgenograms the trabeculae stand 
out like fine, sharp spines. The thickening of the bone may be so great that it 
gives the patient a mongoloid physiognomy with high, bulging forehead and 
prominent malar eminences. (Similar changes, usually less marked, may occur in 
severe cases of sickle cell anemia and familial hemolytic jaundice ) 

The anemia is not noted at birth but becomes evident usually within the first 
year or two. The disease runs a progressive course without remissions and is 
uninfluenced by treatment; it is usually fatal within the first ten years, sometimes 
within a year. Splenectomy has proved useless, and is followed by a great increase 
in the erythroblastosis (up to 1500 nucleated red cells per 100 WBC ) 

A mild anemia, qualitatively similar but often symptomless, has been noted in 
adults as well as children, particularly in parents, siblings, and other relatives of 
patients with the severe form of the disease. The alterations in the blood, par- 
ticularly those described in (1), (2), and (4) above, are commonly observed in 
slighter degree, but erythroblastosis and bone changes demonstrable in roent- 
genograms are rarely present. Some cases intermediate in severity have been de- 

*We have observed characteristic sickling in one such ease, an Italian girl who showed no 
sign of negro ancestry. 
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scribed. It has been suggested that the severe form of the disease depends m 
the inheritance of a recessive character (a defect which must he derived L 
both parents), and that the mild cases signify heterozygous carriers of the defect. 
m a (relatively) latent form. 


AfKCELLANEOttS CONDITIONS 

Banti s Disease. Bant/ s disease is a syndrome of unknown cause, occurring 
chiefly in young adults, and characterized by the gradual development of a hypo- 
chromic anemia, associated with splenomegaly^ progressive weakness and emscis 
tion, a tendency to gastric hemorrhages, and a terminal atrophic cirrhosis cf the 
liver, with ascites and jaundice. The anemia is usually moderate (R.B-C. 3 0 mil 
lion, Hb. SO per cent), but evidences of red-cell regeneration are scanty. At times 
there arc evidences of increased red-cel} destruction. The fragility of the red 
cells is normal. There are usually a neutrophilic leukopenia and a moderate it- 
d uctfan in platelets. Splenectomy in the early stages of the disease may he 
curative, or at least temporarily beneficial. The advisability of this procedure has 
been questioned in patients with normal platelets because of the frequency of 
postoperative thrombocytosis and thrombosis in this group. 


The cases commonly included under this heading constitute a heterogeneous S m f, 
and many investigators deny the existence of Band's disease as a definite cpthy. 
pathologic changes may follow occlusion of the splenic or portal veins from vanou‘ 
causes. The condition should be regarded as a clinical syndrome rather than as a onmi 
disease 

Anemias in Voung Children. Anemias in young children, regardless of their cao st > 
often differ from those m adults in the type of cellular response. Immature ** s 
are more numerous, particularly normoblasts, macroblasts. and even mcgalobbsW 
is more regularly a leukocytosis (or lymphocytosis), which may be iMthed an 
compamed by many immature leukocytes. There is often enlargement unfa 

liver, and lymph nodes, due to erythroblastic hyperplasia m these organs. The <to ^ 
pseudoletihaenuca infantum of von Jakseh represents in marked degree sue a & ^ 
tile response to anemia resulting from a variety of infectious diseases an m eta 
nutritional disturbances. 


PoLYCVTUEMlA 

By n polycythemia, or more precisely an erythrocytous, is meant 
above the normal in the number of red cells per cu. mm. of blood ^ a jj, 
In a relative polycythemia there is no increase in the total num ct o ^ 
in the body, h is seen chiefly as a transient phenomenon associated mt > # 
ttcjft, and is a rough measure of its severity. A local erythrocytosis way o ^ ^ f 
result of focal stasis, whether due to chilling and acrocyanosis, or to 

tourniquet. _ . , . , vo f om e as 

In an absolute polycythemia there is an increase sn the 0 &{ . r< ,//rd 

as m the red-cell count. There is a pathologic increase m the ^ 
cells in the body. This occurs (1) m the speevhe . lhc 0<r»- 

evthaemia vera), and (2) as a compensatory response to ano 
mg conditions (erythrooytoses, secondary polycythemsas). 
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1. In normal individuals at high altitudes. Within an hour or two after a sudden 
ascent (as in aviation) there may be a rise of 500,000 red cells per cu mm, due to an 
outpouring of cells from the spleen and other reservoirs, which disappears promptly 
after descent to normal levels. With a sojourn at high altitudes, in some individuals there 
is an increased production of red cells, with a transient rise in reticulocytes, which is 
stimulated by the low O tension The red-cell count may reach 8 million or more In 
rare instances symptoms somewhat similar to those in severe erythremia may appear 
(chronic mountain sickness, Monge), which, however, are usually relieved by removal to 
lower altitudes 

2. In chronic myocardial insufficiency with cyanosis, as in some cases of mitral stenosis 
and congenital pulmonary stenosis. 

3. In emphysema, in diffuse pulmonary fibrosis from any cause, and in sclerosis of the 
pulmonary arteries ( Aycrza's disease) 

4 After mild chronic poisoning with a variety of blood poisons, such as lead, carbon 
monoxide, cobalt, and coal tar products 

Erythremia (Polycythaemia Vera, Rubra) This is a chronic disease of un- 
known cause, characterized by an erythrocytosis with an increase m total blood 
volume, by a peculiar intense flushing of the skin and mucous membranes, by 
enlargement of the spleen, and by a normoblastic hyperplasia of the erythropoietic 
tissues, rarely m extramedullary areas. It affects chiefly adults over 50 years of 
age. It is characterized clinically by an insidious onset and a protracted chronic 
course, with weakness, headaches, vertigo, tinnitus, paresthesias, nervous ir- 
ritability, and mild mental disturbances The skin, especially of the face and ex- 
tremities, acquires an intense, mottled, brick-red color, and the mucous membranes 
a deep purplish-red or plum color, due to marked dilatation of the superficial 
capillaries together with slowing of the local circulation. Hemorrhages and 
thromboses are common Arteriosclerotic changes are often marked, both in the 
peripheral and cerebral vessels. There is often hypertension, and resulting myo- 
cardial insufficiency Occasionally cirrhosis of the liver develops, or arteriolosclerosis 
of the kidney and renal insufficiency. The basal metabolic rate is increased in about 
half the cases. 

The blood at some stage of the disease usually shows a red-cell count of 8 mil- 
lion or more, rarely even 12 million, with the volume of packed red cells 80 or 
even 90 per cent. Higher counts would be physically impossible unless the mean 
corpuscular volume were extremely low However, the count is not invariably 
or constantly so high. In undoubted cases it may be between 5 and 6 million. The 
blood volume is always increased and may be double or even treble the normal, 
but a marked increase may occur in secondary crythrocytoses. The hemoglobin is 
increased to a relatively less degree; usually 19 to 24 Cm., 130 to 160 per cent 
The viscosity is from two to five times the normal. The individual red cells arc 
somewhat small and pale, they show slight amsocytosis, and usually a moderate 
increase in reticulocytes and other immature forms. Platelets are increased. There 
is a moderate leukocytosis, which may become marked and associated with a slight 
mjelocytosis. Death is due most frequently to cardiovascular renal disease or other 
associated pathologic conditions, occasionally to hemorrhage or thrombosis. In a 
substantial number of those who escape such complications the terminal stage is 
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described. Some regard the process as ‘»»= marrow ha, fea 
E me process as a malignant hyperplasia, analogous to lake™,. 

Diseases Involving Primarily the leukocytes 
Leukemias 

,. l u'“ k ™ i “ * d ‘*?? characterized by an abnormal proliferation of the 

po tic tissue, and by the appearance in the circulating blood of /mnuiurc 
cufcocytcs which are not present in normal blood. There is usually a mailed 
increase m the number of circulating leukocytes, hut there is no direct relation 
between the height of the leukocyte count and the degree or activity of lit 
hypcrpfasia. 7 

7 here are three distinct types of leukemia, termed myelogenous, lymphatic, or 
monocytic, depending upon which of the leukopoietic tissues is invoked. 

inically, acute and chronic forms of each type may be differentiated, depending 
upon the mode of onset and the duration of the disease. Cases in patients living 
fcss than four months arc arbitrarily classed as acute, but every gradation nccan. 

The cause of the disease is unknown. Tint 
are many analogies to malignant neoplasms 
Chronic Myelogenous Leukemia- 
Chronic myelogenous leukemia, the m«t 
common type, is a disease of adults, ^ 5f ' 
acterized clinically by an insidious onset, 
with symptoms referable to the enlarged 
spleen, and progressive weakness, emaov 
tion, and anemia Symptoms of myocaro 1 
insufficiency and digestive disturbances fit 
quently occur, and occasionally hemorrhagts, 
pruritus, priapism, and pain and tenderness 
m the long bones. The spleen is huge. o< iS 
reaching to the right anterior superior s p 1 ®^ 

The liver is usually much enlarged, 
lymph nodes rarely. , 

The blood shows a total leukocyte count which is usually between 100,0 3 
500,000 per cu. mm., but rarely it may reach 1.0 or 1.5 million. Occasionally 
withm the range of an ordinary leukocytosis. As a rule the bulk of the Uokoty ^ 
are polymorphonuclear neutrophils and neutrophilic metamyelocytes (30 to ^ 
cent). Neutrophilic myelocytes are always present (5 to 70 per ectft, y,w3 ^ 



Chrome myelogenous leukemia. 
(m) Myefocy t« (pj Polymorphonuclear. 
(&) Mast cell (») Normoblast. (Cabot.) 
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to 50 per cent). Eosinophils and basophils are increased, and occasionally either 
type of cell may be markedly increased (up to 40 per cent). The corresponding 
types of myelocytes are present, and there may be an occasional primitive myelocyte 
or myeloblast. Pathologic leukocytes of bizarre appearance are often found. The 
lymphocytes and monocytes are relatively reduced. 

The platelets are much increased. 

The red-cell count is reduced, and is usually from 1.0 to 3.0 million. The mean 
corpuscular volume and hemoglobin content are about normal. Immature red cells 
are increased, and normoblasts are constantly present, often in fairly large number; 
rarely, a few megaloblasts. The anemia is myelophthisic in type, resulting in part 
from the crowding out of the erythroblasts by the hyperplastic leukopoietic tissue. 
There may be signs of increased hemolysis. 

Films of the bone marrow show a relauve increase in the immature types of granular 
leukocytes and may closely resemble films of the circulating blood They are rarely needed 
for diagnosis and are often less helpful than in other types of leukemia because the changes 
are less distinctive 

Remissions may occur, either spontaneously, possibly in association with an acute in- 
fection, or after radiation or other effective therapy. During a remission, or in the incipient 
stages of the disease, the total leukocyte count may be normal (aleukemic myelosis), and 
the diagnosis may be missed without a careful differential count This almost always 
reveals myelocytes (5 to 30 per cent) and normoblasts. 

The disease often terminates with an acute exacerbation, during which the blood 
takes on many of the characteristics of an acute leukemia (described below) This is 
ushered in by fever, an abrupt aggrav ation of the 
clinical symptoms, a rapid fall in red-cell count 
and hemoglobin, often thrombocytopenia and 
purpura, and the appearance of many primitive 
myelocytes and myeloblasts. There is usually 
no hiatus leukacmicus (p 460) The total leuko- 
cyte count may rise or fall 

Difficulties in diagnosis occur chiefly m the 
hypcrleukocytoses due to infection, hemorrhage, 
etc , and in focal lesions of the bone marrow 
when these are associated with a stimulauon 
myelocytosis Further study is required to de- 
termine whether a reliable differentiation can 
be made by a study of films of the bone mar- 

Chronic Lymphatic Leukemia. This is 
alv* a disease of adults, which resembles 
the preceding type in its symptoms and 
clinical course except that there is a more 
marked generalized enlargement of the lymph nodes, tonstls, and other aggrega- 
tions of lymphoid tissue. Local infiltrations in the skin and mucous membranes are 
common. Splenomegaly is less marked. 

The blood shows an increase in the total leukocyte count which may range from 
10,000 to 2.5 million, but in most cases is from 100,000 to 200,000, somewhat lower 



ejtcs in thu field (Cabot.) 
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than in chronic myelogenous leukemia. Counts under 50,000 are not uncommon 
From 90 to 99 per cent of the cells are lymphocytes, practically all small cells with 
nuclei of mature type containing dense chromatin masses. The cytoplasm is often 
scanty, and azure granules arc sparse or absent. There are usually a few lympho- 
blasts, some of which may contain lobulated or indented nuclei {Rieder «J/j). 
Granulocytes may be absolutely, as well as relatively, reduced. The platelets become 
diminished. In the later stages an aplastic type of anemia develops. Normoblasts 
are rare. 

Cases occur, anatomically and clinically identical, except that the total leukocyte 
count is normal. They usually show a relative lymphocytosis. The blood may become 
frankly leukemic at any time, or death may ensue before this occurs (aleukemic 
lymphadenosis, “aleukemic" lymphatic leukemia). 

Diagnostic difficulties arise cluefly in infections with a high lymphocytosis, such as 
infectious mononucleosis and whooping cough; and in diseases associated with general- 
ized enlargement of the lymph nodes and spleen (Hodgkin’s disease, lymphosarcoma) 
Cases of lymphatic leukemia with a relauvcly low total leukocyte count are difficult to 
recognize by an examination of the blood alone, because the differences between mature 




PLATF III 

Acute leukopenic m\do R enous liukunu (WBC 3000) I ilm Iron* huffy coat (sec text) 
Utual fid,] Fne mjclublasts, sescral showing nucleoli (tjower left) Prnrm clues It 1 hrr< 
n(>nsi|>(iientc(1 neutrophils, practically destitute of jiranules (tnxk. decent rattsc changes) (l.uuer 
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and immature lymphocytes are less conspicuous than in the case of the granulocytes and 
because lymphoblasts appear in the blood more frequently than myelocytes in conditions 
other than leukemia Films from the bone marrow usually show a marked increase in 
lymphocytes 

Acute Leukemia. This may be myeloid, lymphoid, or monocytic in tjpe Clinically 
the three types are practically indistinguishable. The disease occurs chiefly in children 
and young adults In about half the cases of acute leukemia the onset is preceded by an 
acute infection, or there is a history of repeated chronic infections In some cases the 
sequence is so direct that one can scarcely escape the conclusion that the leukemia rep- 
resents a perverted (irreversible) response to the stimulus of the infection. Clinically the 
disease cannot always be differentiated sharply from infections associated with a (re- 
versible) "leukemoid reaction.” Diagnosis may be possible only by biopsy of the marrow 
or by observing the ultimate outcome However, some individual susceptibility or defect 
of the marrow must be assumed. The infection can at most be regarded as only a pre 
cipitating cause of the leukemia 

In some cases there is a preliminary period of vague ill health, weakness, and pallor 
Usually the onset of symptoms is fairly abrupt, and may be fulminant, with fever, weak 
ness, prostration, and often sore throat, followed quickly by an ulcerative stomatitis and 
gingivitis, and a hemorrhagic diathesis with purpura and oozing from the gums and 
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symptoms by a substantial period in these acute cases. 

The leukocyte count in the early stages wap be normal or moderately ittaessd 
there may be a Well-marked leukopenia CWeu\emic teufynuf or, better, leukopenic 
«S3» * l 3 / l5jCre ’ U a P r °£ rcssivc increase in the count, which often exceeds 
luU.OUU within a few weeks. The characteristic feature h the appearance in the blood rf 
increasing numbers of primitive leukocytes. The platelets are much reduced. 

In the leukopenic cases the study of the cell* is greatly facilitated by drawing blood 
from a vein into one-third its volume of 1.5 per cent sodium citrate solution, centnfujifli 
and making films from the huffy coat (see Plate 111). Examination of a bone-mantwffe 
is of great practical diagnostic value m these cases. The distinctive pnmitne tefis arc 
usually present in great numbers and Jre unmistakable. 

Acute Myeeocenous Leukemia. Jn acute myelogenous leukemia, the commonest type, 
the primitive cells arc promyelocytes or myeloblasts. There is not; a gradual transform 
tion or transition from normal leukocytes, through myelocytes of varying stages of w 
maturity, to myeloblasts. Jn the early stages of the disease the primitive cells sfptw.i 
first in small numbers, as intruders in a leukocyte population which is essentially no'™! 
There is a “hiatus Ieukoemicus“ (Naegeh). As the myeloblasts increase in number to 
mature leukocytes are rapidly crowded out, and may entirely disappear. The eVMtbF 
of primitive cell vanes considerably in different patients, but is usually quite uniform aw! 
constant in the same case. Careful search usually reveals a few cells svhith «e sorafwfal 
more mature (myelocytes), a finding which may be ol great assistance in 
the type cell. Jn some cases the primitive cells are small and almost ind«an£iww &t 
from small lymphocytes (micromyeloblasts). Normoblasts arc regularly present, w 
sionally megaloblasts. 

Acute Lymphatic Leukemia. This affection is very me except in children. TW F* 
dominant cells are lymphoblasts Cases with marked leukopenia octut, ¥co$e* '* 
largcmcnr of the lymph nodes usually occurs, and in some cases the nodes for® 1 & 
tumor-like masses. Rarely the lymphoid hyperplasia may be limited largely to the toiuo 


and the deeper nodes. „ 

Monocytic Leukemia. Monocytic leukemia usually runs an acute course. K ° . 

individuals of any age Clinically this type is characterized by marked hypcrp* sl * ^ 
ulceration) of the gums, which may become so great as to engulf the tee » ^ 
absence of marked lymph-node enlargement, except often of tht cervica n • 
often by excessive bleeding, and a rapidly fata) course. The leukocyte count range 
from Zdm to 400,000. The predominant cells (20 to 90 per cent) are ttMMT ^ 
...... . .. *r.’ t . —.i,, « sometimes difficult-/' 


most characteristic features are the infolding of the nuclear wembrjne foe 


coarse convolutions and the delicate structure of the chromatin network, . f that 

lace. Motility and phagocytic activity m fresh cover-shp films is . ‘ numbers, W 


they are monocytes. Myelocytes and myeloblasts are usually present m s yy,j 

m same cases (hey are numerous, and gt*e the appearance of a . aJ a disfoct 

has led Naegeli and others to question the existence <d monocytic eu ' e( 0 \ wx 

disease- With this possible exception, there is no evidence o « 

“mixed leukemia,” with simultaneous involvement of two or morc . T) 0 >\ncy ^' r 
tissues, nor of transformations from one type of leukemia a o . ♦ 

tinguished between a ttaegeli type characterised by ^ P hone marrow wJ 

and myeloblasts as well as monocytes which he believed * t >n am c pot: 


and myeloblasts as well as monocytes wnicn nc ucukiw * jKnueht ti> a» se r 
a Schilling type in which the cells are largely monocytes wfuc 
directly from reticuloendothelial cell*. 
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Acute monocytic leukemia Actual held Eij.ht of the ullt ate monocy tes Thcj show a j!ra>- 
bluc cytoplasm with tint. reddish IiIjl jtrjnuljtions, and nuclei of finely reticular ttructure with 
* annul ty pci of mtoldinys anti consolutionc (Upper left) A hy perse jtmented polymorphonuclear 
neutrophil lltlnw it, ■ monoblast with mtirt basophilic nongranular cstoplasm and a more finely 
reticulated nucleus with several smdl nucleoli Ktlow thi*. a monocste showing 'cscral pseudo* 
pods containing only eliir cclosarc ( Right (enter ) A plasm i ct It (hxtretne right) A smudged 
mn.lt u- Wilson's stain (X h(MJ ) (from Bull fohns Ilup(ini limp) 
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There is an extraordinarily widespread, diffuse hyperplasia of the reticulum ceils in 
the tissues. 

Cases with a normal leukocyte count or a leukopenia occur, but they usually show a 
relative monocytosis (aleukemic reticulo-endotkcliosis) . 

SPECIAL TYPES OF LEUKEMIA 

Chloroma. This is a rare type of leukemia in which localized, invasive, tumor-hke 
growths of leukopotettc tissue occur The growths are most often connected with the 
bones of the skull, especially the orbit, and may cause bony deformities and often 
protrusion of the eyeballs They often cause intense pain or paralyses from pressure on 
neighboring structures The tumor masses on section (in gross) usually have a green color. 
The changes in the blood and the clinical course arc otherwise identical with acute or 
subacute myelogenous leukemia. AH transitions to the ordinary type of leukemia occur. 

Eosinophilic Leukemia and Mast-cell Leukemia. These terms are sometimes applied to 
cases of chronic myeloid leukemia which show an unusually large percentage of one of 
these types of celts Aside from these cases, which are only minor variants of ordinary 
chronic myelogenous leukemia, there arc records of a few cases m which enormous 
numbers of mature eosinophils were present, without other significant abnormality in 
the leukocytes These cases ran the course of a subacute (rarely chronic) leukemia, and 
at autopsy showed leukemic infiltration of the tissues with eosinophils (Hay and Evans, 
1029). 

Plasma-cell Leukemia. This is a rare type of (lymphatic) leukemia in which many 
plasma cells are present in the blood, and in which the hemopoietic tissues are infil- 
trated with plasma cells at autopsy Transitions occur to the localized plasmacytomas seen 
m multiple myelomas (Osgood, 1934). 

Megakaryocytic Leukemia. A pathologic hyperplasia of the megakaryocytes, analogous 
to a leukemia, has been reported in a few cases 

Diseases Allied to or Resembling Leukemia 
Pseiidole uremia is an inexact and undesirable term loosely applied to any condition 
superficially resembling lymphatic leukemia, but not showing leukemic changes in the 
blood 

Lymphoblastoma is a term applied to a group of diseases characterized by an abnormal 
hyperplasia of the lymphoid tissue, with enlargement of ihc spleen and lymph nodes. 
It includes lymphatic leukemia (both in the leukemic and aleukemic stages), lympho- 
sarcoma, and Hodgkin's disease, but not the infectious granulomas or ordinary neoplasms. 

Hodgkin's Disease (Malignant Granuloma). This is a chronic disease of 
unknown origin, possibly an infection, characterized by an infiltration of the 
lymphoid tissues and spleen (and occasionally the marrow and other organs con- 
taining rcticulo-endothclial tissue) with a peculiar type of granulation tissue rich in 
epithelioid cells and giant cells (derived from monocytes, Sabin) and eosinophils, 
which proceeds to extensive fibrosis in the advanced stages. The process starts in 
some single aggregation of lymphoid tissue, most often in the upper posterior 
cervical or supraclavicular nodes on one side, or in the mediastinal nodes, less 
often in the deep abdominal nodes. It spreads first to the adjacent groups of nodes, 
and secondarily to more distant groups. The spleen usually becomes enlarged. The 
nodes remain discrete, but often form large masses which cause grave disturbances 
from pressure on neighboring structures. Bone lesions occur in 10 to 15 per cent 
of the cases. The lung may be invaded. Intense pruritus, which may precede evi* 
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den, lymph-node enlargement, Is a characteristic clinical symptom, „ ft 
cases) are recurring parwysms „! high fever „), prostration, r M i 3 .«, 

ant! progressive onemta, alternating with periods of normal tempenwe «rf j* 
tive well-being. 

The blood is never leukc-mic. There may be a neutrophilic leukocytos* J n the 
C3r ‘Y sca s cs tfterc may be an increase in monocytes and in platelets, and oca 
sjonally an cosinophifi'a, which is sometimes high (00 per cent or more of 100,000) 
There :'s no lymphocytosis, and in the late stages the lymphocytes may be reduced 
A severe anemia gradually develops, which is somewhat hypochromic and micro- 
cytic in type. Biopsy is necessary for a positive diagnosis. 


fn the early stages deep radiation nearly always causes the glandular masses to ap- 
pear, with marked clinical improicment Radiation soon loses its effectiveness, and dcafii 
always follows, usually within two to five years, although a few parents have been « 
ported to have survived Id years. 


Lymphosarcoma (Kundrat). Lymphosarcoma is a peculiar type of 
tumor arising from lymphocytes, ft starts locally, most often in the cervical o» 
medi3SCina{ nodes, occasionally in the abdomen, and spreads both by direct e* 
tension and by metastasis to neighboring groups of nodes. Late in the disease there 
may be metasttscs to other tissues, hut the growth tends to ensheathe rather 
than invade the neighboring organs. Enlargement of the User and spleen is rat* 
except in those cases in which the involvement is primarily abdominal Gtoadi 
is often rapid, and the glands tend to coalesce and form large tumor masses. A 
practically complete temporary remission usually follows deep radiation 
As a rule the blood is not leukemic, and the lymphocytes are not ‘ 
In a few cases, howeier, in the terminal stages there is an invasion of the b 
stream by the pathologic cells (leubpsarconid). There is an anemia and w&l 
a moderate neutrophilic leukocytosis. Biopsy is required for a positive di 3 £ nt)5 jj 1 
but in the early stages differentiation from leukopenic lymphatic leukemia 
difficult. , , | 

Cases which appear to be rare variants of lymphosarcoma or Hodgkins 1 ^ j 
based upon differences in the histologic changes m the tissues, have *** j 
scribed under the terms rencidum'Cfll sarcoma, monocytomt*, folhw at I 

btastoma, and Hodgkin’s sarcoma. j 


Follicular lymphoblastoma is characterized histologically by the o . hu* 

“giant” follicles in the lymphoid tissue. Clinically u resembles o S J cefl ient d 
often the splenomegaly is greater in degree and out of proportion o in'! 

the peripheral lymph nodes. The disease at first usually respon j 'J' , Jf J{ {VfTi w 

it tends to run a more benign, protracted course than Ho g m s i 

Myeloma, Myeloma is a malignant neoplasm which « said to arise cn[fl po<^ ^ 
parenchymal cells of the marrow. In most rf nut all ci«s, mat ^ j ^ ,*»«<*. 
peculiar (“myeloma”) cells which differ from all the ce ^ {hey > lC J 1 * 

and most closely resemble plasma cells, ®£ which, 3 «orcfmg t s £ 

cursors. The disease ,s focal but widespread more rarefy jSj* % htt g, or to 
develop, usually m many bones These may Juve rise to pafpa&fc b 
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of the bone leading to spontaneous fractures, and may cause violent pains and paralyses 
from pressure on the spinal cord or nerve roots The bones of the trunk are chiefly in- 
volved, and often the skull There may be metastases to other organs in the late stages 
of the disease. Isolated tumor masses of similar cells (plasmacytomas) also occur. 

A severe anemia eventually develops, usually classed as myelophthisic, and this is 
occasionally accompanied by an erythroblastosis and stimulation myelocytosis The blood 
usually is not leukemic, and the pathologic cells rarely enter the circulation except in 
small numbers, although in a few cases they have done so The frequent (87 per cent, 
Atkinson) occurrence of Bence-Jones protein in the unne is of great diagnostic value 
(see p 831). The globulin in the blood plasma is greatly increased. The myeloma cells 
can usually be found in films of sternal marrow, often in great numbers They are large 
cells with deep-blue cytoplasm which may contain a few azure granules and vacuoles 
but usually have no perinuclear clear zone. The nucleus is round or oval, may contain 
one or two nucleoli and has chromatin m finer masses than the plasma cell and less 
often in wheel-spoke arrangement 

Metabolic Disturbances Gaucher’s Disease Gaucher’s disease is a congenital, often 
familial, but not directly hereditary constituuonal anomaly of metabolism. It is 
characterized by a progressive hyperplasia of the reticulum cells of the spleen, liver, bone 
marrow, and, to a less extent, the lymph nodes, the cells of which become stuffed with 
granules of the cerebroside kerasin The disease is rare, and a majority of the cases have 
been in Jews. It begins in infancy and runs a slow chronic course, with an average dura- 
tion of about 20 years, although some patients have survived to reach the age of 50 or 
60 years Clinically there is gross enlargement of the liver and spleen, brownish pigmen- 
tation of the exposed skin, and in the older patients often wedge-shaped, yellowish 
swellings (pingueculae) of the bulbar conjunctive Bone lesions are common. There 
may be bone pains, with deformities or pathologic fractures, but more often the lesions 
can be made out only by means of roentgenograms. The cortex is thinned, the bone 
widened, and irregular areas of osteoporosis and increased condensation occur m the 
spongy bone The first changes are said to occur in the distal end of the femur (Welt 
et al, 1929). 

The blood shows a leukopenia and a diminution of platelets which may cause a 
secondary purpura haemorrhagica An anemia may develop, but is not constant. The 
differential count is normal Diagnosis depends upon finding the characteristic "foam" 
calls m material obtained from the spleen or marrow by incision or puncture (The 
superficial lymph nodes do not usually show them ) These cells are very large, with a 
relatively small, pale-stained nucleus, and abundant cytoplasm which has a somewhat 
spongy texture, and shows a fibrillar structure in suitably stained preparations. 

Splenectomy may relieve some symptoms, including the thrombocytopenia and bleed- 
ing, and sometimes the leukopenia and anemia, but it is not curative. 

Niemann-Pick’s Disease This is a metabolic disturbance, similar to Gaucher’s disease, 
in which phosphatides are stored in the rcticulo-endothelial cells. This disease, which is 
rarer than Gaucher's, is more acute, all the patients dying during the first two years of 
life Most of the patients have been Jews, and many of them have also shown a cherry- 
red spot in the macular region such as occurs in amaurotic family idiocy 

Tay-S sens Disease (Amaurotic Family Idiocy). This disease is characterized by the 
deposition of lipids termed gangliosides in the tissues of the central nervous system. 
Clinically it somewhat resembles the preceding syndrome. Neither show any distinctive 
abnormalities in the blood cells 

Srm'iLi m Christian's Disfvse The fourth member of the group, Schuller-Christian’s 
disease, is the result of a disturbance of the metabolism of cholesterol This substance Is 
stored (as fatty acid esters) in reticulum cells, winch undergo a similar extensive hyper- 
plasii The disease is seen chiefly in young children, as it is usually fatal within a few 
years Clinically it is characterized by the development of circumscribed bone defects, most 
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° t e fla ,' hml < par,icu!a,I J' of *0 .M, which 3 r e erorfrd by hctarf -<■ - . 

nodules (xattUomm) of hyperplastic tissue arising from the Icrntum J ' k- 
m f\ b f *= si “> and membranes^Common stjfa 

thXfcX c i< 0 Pt"lwl'no S and diabetes insipidus (from pressure of nodules on the V 
thaiarnre region). There is also diffuse hyperplasia of reticulum cells m the tmrtmr, Im, 
and spleen (although these organs arc only sightly enlarged), and in the lunsimdotht 
organs. The early iesmtw contain large numbers of typical "foam" cells. In the 1st: stare 
Mrosi mu Estensive pulmonary fibrosis may be the immediate cause of death. 1 
The Wood shores op characteristic changes. In late stages there may be a pare mm 
of the myelophthisic type, and a thrombocytopenia with purpura, in some cases there to 
been a leukocytosis, with a tneiderate monocytosis. The blood cholesterol is often hjh, 
but has not been uniformly so. 

Foam cells of the same type have been found in the spleen in some cases of jubdtt 
and “nephrosis," in association wi th high blood fat and cholesterol. 


Infectious Mononucleosis (Glandular Fever), This is a benign infccMH 
disease of unknown origin which bears a superficial resemblance to acute IcuUmu, 
both in its clinical features and in the lymphocytosis which accompanies it. h 
occurs chiefly in children or young adults, both as sporadic cases and in epidemics 
Clinically it is characterized by an acute onset with fever, usually sore throat, 
marked swelling of the cervical lymph nodes, a general ghnduhr enJjrgmwrt ^ 
variable degree, and often enlargement of the spleen. The cervical nodes mj k 
come huge. Occasionally there is a complicating Vincent's infection. Rcco'oj 
practically always occurs withm a few weeks, but the glandular enlargement^ 
the lymphocytosis may persist for months. 


The total leukocyte count is usually from 10,000 to 20.000, with a lymphee) 10 '’ 5 ^ 
from SO to 90 per cent fo some cases there is a normal total count, or there may * 
leukopenia, The lymphocytosis may not reach its peak until after one or two w’ 
characteristic feature of the blood is the large number of pathologic lymphoty Itty 1 
These are mainly large cells with abundant, usually basophilic cytoplasm * . K ^ 
a spongy or foamy texture and usually contains numerous azure granules. “ . -<£ 
cells show a pale perinuclear zone The nucleus is often indented of P Jt Jf. ^ 
It is usually mature in type, and shows a coarse chromatin network of vhicK s ^ 
trusses which may be quite dense, like plasma cells. Some typical plasma ce . (orrJ . 

present. In some cases there are a few lymphoblasts, svith nuclei showing i » fJ(i 

tin structure and nucleoli, and we have even seen cells in mitosis, but 
not present m large numbers, as in acute lymphatic leukemia {see » AestnerW* 
1935). The granulocytes are reduced m absolute number, and s »* J , 
changes. The monocytes are diminished (or absent, Doan). T e rtd kvocrpfow. * ,ti 
not altered, and there is no tendency to bleed The lymph tioAes s Trcfutf^ 

proliferation of the peculiar lymphocytes, which often pbhwtatt ^ 

of the node, but is less extensive and more "patchy *»» ■ “ , , ftc {nicest 

leukocytic response lS definitely due to the pccular stimulus everted y 
agent, and not to a constitutional abnormality of the pafent. » , /w > jor sM 

The serum in most cases, after 7 to 10 days, shows an mcr a 
red blood cells (Paul and Bunnell, 1932). b f 2lM * * f, fto* 

Mttiioo. (!) A senes of 12 small test tubes is set up (2 *** 55. (X fat J 

05 mb of the serum to be tested, which has been mactwated hi h (4) A 
winutes. (3) To tube, 2 to 12 Indus, tc 05 f 1 ‘i* W m l. of tfr 

dilutions, tom I .-2 to 1 :2MS, is ri-q-aral by vwtews vo 
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tube 2 to tube 3 and mixing, and so successively to tube 12 (5) To each tube is added 
05 ml of a 2 per cent suspension of sheep corpuscles, washed as in preparation for a 
Wassermann test (6) To each tube is added 1 ml of salt solution (7) The tubes are 
shaken and placed in a water bath at 38° C. for one hour, and in the icebox overnight 
(8) The following morning they are shaken gently to resuspend the sedimented cells, 
and the highest dilution in which definite macroscopic agglutination occurs is noted, the 
degree of agglutination in each tube is recorded roughly 
In normal serum the titer usually does not exceed 1 : 8 (the first four tubes) (as re- 
corded by Paul and Bunnell, the actual dilution is four times this figure). In infectious 
mononucleosis it usually rises to much higher figures (occasionally to 1 : 4000) , although 
several examinations at intervals of a few days may be necessary to detect it. A rise in 
titer has been observed in individuals who have received injections of horse serum, but it 
is rare in other conditions. The titer is reduced (less than 1 4) in leukemia (Bernstein, 
1934). 

Recent work (Bailey and Raffcl, 1935, Davidsohn, 1938) indicates that this agglutinin 
is not, as originally supposed, the heterophil agglutinin of Forssman. Three different anti- 
sheep cell agglutinins can be distinguished in human serum by appropriate absorption 
tests. (1) The Forssman type, that commonly found in normal serum, is absorbed by 
guinea-pig kidney but not by autoclaved ox cells (2) The type occurring in infectious 
mononucleosis is absorbed by ox cells but not by guinea pig kidney (3) The type ap- 
pearing after injections of horse serum is absorbed by both. In questionable cases the 
dependability of the test is increased by demonstrating that the agglutinin is absorbed as 
indicated in (2) above. 

Acute Infectious Lymphocytosis. This term was applied by Smith to a benign conta- 
gious disease of unknown etiology observed thus far only in children and a few young 
adults. The illness is brief and often mild or symptomless After an incubation period 
of two to three weeks there are usually manifestations of an infection of the upper respira- 
tory passages, fever, and in the severer cases malaise, vomiting, headache, rarely signs of 
meningeal irritation, and abdominal pain which may be severe The spleen and lymph 
nodes arc not enlarged There is a marked leukocytosis from 15,000 to usually about 
40,000 (in one case ^ 110,000), of which from 60 to 90 per cent are mature small lym- 
phocytes. There arc no lymphoblasts and no bizarre cells of the type seen in infectious 
mononucleosis There is no increase in heterophil agglutinins. There is no anemia or 
thrombocytopenia Sternal marrow obtained by puncture showed a moderate increase in 
small lymphocytes (about 40 per cent) All patients have recovered without complica- 
tions or sequelae, but the lymphocytosis may last from three to seven weeks. 

Agranulocytic Angina (Malignant Neutropenia). This is a clinical syndrome 
of unknown cause, occurring chiefly in women, characterized by an acute onset 
with fever, prostration, ulcerative stomatitis or pharyngitis, an extreme neutro- 
philic leukopenia, and usually a rapid progressive course and a fatal termination. 
Clinically the condition suggests a fulminant septic infection, but blood cultures 
are negative, or show organisms which can only be secondary or terminal invaders. 
The tissues do not show pyemic lesions, and there is a striking absence of 
leukocytic infiltration. Vincent’s organisms are frequently (but not constantly) 
present in the mouth lesions. 

The blood shows a marked (or rapidly progressist) leukopenia, primarily of the 
granulocytes, which may entirely disappear. The total count is usually under 2000 and 
may fall to 100 The red cells and platelets are usually unaltered, and bleeding rarely 
occurs There is no stimulation of the lymphocytes such as occurs in infectious mononu 
cleosis If the patient survives a week or more, granulocytes may reappear, and not rarely 
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Z f. "?«*>"- « <hf rnyclocy. t stone or arlltr. to n /e„. cm m ,li. 
d”fcu?t d lh " >mbt,Cytt ’ t ’ c " la ' ‘M'rcntialioa from acute Icukopcmc leukemia m;h 

Recovery oetaMOMlIy occurs spontaneously, or (pnssib)y more often) after made®* 
injections. In such cases a normal blood picture may be restored, but often a Jew, &f«t 
of granuiocytopema persists. Such patients arc prone to recurring acute attacks, 3 n? or 
of winch may prove fatal. Milder cases with less marked gramdacjiopenia occur and jr 
probably more common than has been realized- 

The most effective treatment appears to be administration of penicillin to ward 
secondary infection and prolong life until recovery occurs and the ROrnul ddcstf 
mechanisms arc restored. 

In a few cases an extreme leukopenia has been recognized shortly before the onvt o ( 
the fever and symptoms of acute illness. This, with other facts, suggest* that to 4# 
condition damage to the marrow, or a constitutionally defective marrow, is the pnrojty 
factor, and that infection occurs secondarily, as a result of lowered resistance dactoW 
of leukocytes There is a striking tendency to the development of ulcerative cr necrotic 
lesions of the mouth in other diseases associated with a lack of granulocytes (as m 
leukemia) T/iat the marrow may be inherently defective is shown by the occuriwtd 
tnrftviduafs who show, over a period of years, either persistent or periodically iftwrus 
granulocytopenia, which may or may not be accompanied by active illness. Recently, to# 
ever, emphasis has been placed on the use of cmtnopynne and related drugs as a cju* 
ot the granulocytopenia There n definite clinical and experimental evidence tf® 1 
amjnopyrme tends to injure the mjrrow m this way. Such drugs should be rigidly 
held from patients with this tendency. However, the rarity of the condition, » 
trasted with the widespread use of these drugs, indicates that individual P'rdiJJ**®’® 
(probably an allergic hypersensitiveness) plays a large part. Acetylsalicylic acid an 
simple barbiturates appear to have relatively little of this effect. ( 

Primary Splenic Neutropenia. This syndrome is characterized by a marked ^ ^ 
with reduction of the granular leukocytes. As a rule there is no noube a***® 
thrombocytopenia. There may be weakness, fever, and increased suscepti 1 «y . 
tions The spleen is enlarged, and in supravually stained films Wiseman and 03 ^ 

reported finding widespread phagocytosis of granular leukocytes by the te * 
theltal cells. There were no evidences of hematopoiesis m the spleen, ljt 
bone marrow was hyperplastic The condition was relieved by splenectomy ^ 
primary Splenic Panhenuroperua. This term has been applied by l D® att * n ^ Bf j 
(1946) to a group of cases characterized by severe anemia and \V> tom ^ e " 
as a neutrophilic leukopenia These cases showed pathologic changes 
bone marrow similar to those m primary splenic leukopenia. acid s V e! \ cc , afl m U 
beneficial. Both acute and chrome clinical types have been descriDeo. a ^ ^ 
{etwtutmg these cases from the ordinary aregeneratory antmtts lt 0 

utilized an adrenalin test. Following subcutaneous injection o ^ ^ 

adrenalin chloride they reported a rapid marked increase m t ; e nu K(jn m |}.r 
leukocytes, and platelets m the peripheral blood associate } Jub;eCt j s*d 

size of the spleen. Until adequate observations are aval a - ^ pf o6lenw»l“ l 

individuals with other diseases, the value oi fl» wsat ^ (tinc hon d 

The evidence that these syndromes are caused by a di Cu ( ar coirs#** 

spleen ("hypcrsplenism”) is strong Similar depressing aco di5«sf’^’ 

S the blood bee been described in «*. Z ' * ** 

Other's disease. Other observers, however, beheve the &ctn F 
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ing the formation of cells by the bone marrow rather than merely by removing them from 
the blood (see p. 468, idiopathic thrombocytopenic purpura) 

Hemorrhagic Diseases 

By hemorrhagic disease is meant any condition in which there is a tendency to 
abnormal or protracted bleeding Hemorrhages due to gross anatomic lesions are 
not included. The tendency to bleed may be due to disturbances of coagulation, 
or to abnormalities of the endothelium of the capillaries, or to both. 

The following diagram illustrates a commonly accepted view as to the mechanism of 
normal coagulation in vitro, based largely on Howell's theory 

Thromboplastin (cephalin) 

\ 

Antiprothrombin (heparin) 

S 

Prothrombin — Thrombin + Fibrinogen — Fibrin 
/" \ 

Calcium salts Antithrombin 

S 

Thromboplastin (cephalin) 

Normal coagulation in the body also invokes the active participation of the platelets, 
which give to the thrombus its definite structure, and are essential for its proper retrac- 
tion, which in turn is necessary to bring about effective closure of the vessels They also 
serve as an important source of thromboplastin A lack of platelets also appears to result 
in injury to the capillary endothelium, which leads to the easy production of mechani- 
cal defects in the ■ ■ * * f ' 1 ' ‘ ' ' 

Fibrinogen is f. ■ with 

in grave liver di ■ phos- 

phorus) It has also been reported as a rare congenital constitutional anomaly, fibrtnopenta 
("pscudohemophiha”). It is associated with a prolonged bleeding and coagulation time, 
and scanty clot-formation 

A deficiency of calcium as a cause of hemorrhage has not been demonstrated and is 
probably impossible Death due to disturbance of other vital functions would probably 
occur before a level was reached sufficiently low to inhibit thrombin formation. 

Thus far there is no proof of a deficiency of thromboplastin, or an excess of heparin or 
antithrombin as a cause of spontaneous bleeding in man Allen et al. (1947), however, 
reported finding an excess of heparin as well as a thrombocytopenia in dogs with a 
hemorrhagic diathesis following extensive roentgen radiation Either protamine or tolui- 
dinc blue counteracted the heparin in utro and arrested the appearance of petechiae 
and the oozing from the mucous membranes, but there was no increase in platelets or 
shortening of the bleeding time and bleeding from ulcerated areas continued. 

Prothrombin Deficiency. When severe enough to cause spontaneous bleeding, pro- 
thrombin deficiency is characterized by a prolonged bleeding time and coagulation time, 
without any alteration in the platelets Lesser degrees of deficiency can be detected only 
by quantitative estimations of the prothrombin time (see p 401) 

Prothrombin is synthesized by the liver, and vitamin K is essential for this process. 
Bleeding due to lack of prothrombin may occur in severe liver injury because of in- 
ability to produce this substance. It may also occur as the result of a lack of vitamin 
(hemorrhagic disease of the newborn) or inability to absorb it from the intestine. 
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occurs most often from the nose, gums, uterus, stomach, intestine, or urinary tract. A 
cerebral hemorrhage may occur, but bleeding into a joint is rare Purpuric eruptions may 
be absent For a time bleeding may be restricted to a single source, as from the uterus 
There is no fever or other evidence of infection The spleen is rarely enlarged In marrow 
obtained by biopsy Dameshek and Miller (1946) found the number of megakaryocytes 
increased, but only from 8 to 19 per cent showed evidence of platelet production as 
compared with about 68 per cent in normal marrow After splenectomy, however, from 
69 to 85 per cent were actively producing platelets in large numbers They regard this 
as evidence that the principal cause of the thrombocytopenia is an inhibition of the pro- 
duction of platelets by the splc.cn, possibly through some "hormonal mechanism," rather 
than an accelerated destruction of platelets m the circulating blood 

The blood at first shows no abnormality of the red cells or leukocytes, although there 
may be a moderate leukopenia An ordinary acute posthemorrhagic anemia soon de- 
velops, and frequently a secondary leukocytosis The individual platelets are often ab- 
normal, there are some huge platelets, while many are minute Rarely there may be a 
marked neutropenia and a lymphocytosis (Minot) 

treatment Splenectomy is usually followed by an abrupt cessation of bleeding and a 
critical rise in platelets to normal or above, which may be marked wtthm a few 
minutes after the spleen bis been removed This fact suggests that the disease may be 
due to a pernicious overactivity of the spleen, manifested cither by an excessive destruc- 
tion of platelets in the circulation, or an inhibition of their production. Although the 
platelet count usually falls again after a few months, as a rule bleeding does not recur. 
Some cases, however, have relapsed (accessory spleens’). The operative mortality of the 
acute cases has been high m some clinics Splenectomy is contraindicated in other types 
of purpura Transfusions also stop bleeding, but only for three or four days Other 
measures are very uncertain in their effect 

Purpuric Eruptions Due to Abnormalities in Small Vessels Purpuric eruptions due 
to abnormalities in the small vessels occur in a variety of diseases in which the platelets 
are normal in number, and bleeding is slight or absent These include: 

1. Intoxications with various drugs, many of which may cause a thrombocytopenia (in 
other patients) Many drug "idiosyncrasies" are included in this group 

2. Acute infections, such as smallpox, typhus fever, epidemic meningitis, sepsis, 
bacterial endocarditis 

3. Senile and cachectic purpuras 

4 Scurvy (avitaminosts) Here the bleeding is chiefly under the periosteum or into the 
deep muscles of the legs There are small purpuric spots about the hair follicles of the 
legs The gums and mucous membranes do not bleed 

5. "Anaphylactoid purpura which occurs chiefly in children and young adults, in- 
cludes the following symptom complexes, which may occur singly, or in various com- 
binations Many of the patients have recurring attacks 

(a) Cutaneous eruptions erythaenia mtdnjorme. with urticaria and angioneurotic 
edema, as well as purpura, or purpura alone may occur. 

(b) Schontcm's purpura, a mild arthritis, most often affecting the knees and ankles, and 
usually showing clusters of purpuric spots about the affected joints. 

(c) Henoch's purpura, characterized by recurring, acute, often severe attacks of 
colicky abdominal pain with tenderness and rigidity, vomiting and diarrhea or constipa- 
tion, and often with some blood m the stools and vomitus Bleeding is never profuse 
Cutaneous eruptions are usually present Hie attacks are accompanied by fever, slight 
leukocytosis, and symptoms of an acute infection. Hematuria or acute nephritis may fot 
low The condition has been mistaken for acute appendicitis, and operations needlessly 
performed. Localized edema of the vsaH of the intestine may occur, however, and rarely 
may result in intussusception or even perforation There is no disturbance of coagulation, 
and no anemia. The capillary resistance test is variable, but its reaction is usually negative. 
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' m caused JmI reactions in eases 0 { thrombocytopenic purpura and torn fa 
purpuras during the penod of acme bleeding, with a disappearance of the reactnn n 
patients whn unproved clinically. This was not neeessanly associated with an .curie 
in platelets or a reduction of the bleeding time. They regarded the test as of profcttt 
JJ Well as diagnostic value. Recent work indicates that the test is probably significant csfr 
m indicating abnormal fragility of the small vessels. Therapeutic use of venom b 
given contradictory an d usually disappointing results. It is probably useless in throm- 
bocytopenic purpura. 

phocwum. One-tenth ml. of a 1 : 3000 dilution of standard venom (obtainable 
Lederle Laboratories) is injected intracutnneously. A positive reaction is indicated b» 
the appearance of an ecehymosis at least 1 cm. in diameter at the site of the injefcoa 
within an hour. An injection of salt solution is given as a control. 

Hemophilia. This is a rare, hereditary disease, due, possibly, to a constitutional & 
normality of the platelets. It is characterized by a tendency to protracted bleeding fro 
slight cuts and bruises. The bleeding often persists for days or even weeks as a do* 
oozing which may eventually be exsanguinating. Bleeding often occurs abo into & 
subcutaneous tissues and into the joints, which are seriously damaged after repeal 
attacks, but rarely from the mucous membranes, except from the nose or gumi Miyr 
victims have died from hemorrhage following circumcision or tooth extraction.^ 
tendency to bleed is always manifested in infancy (although rarely during the 
week), and patients with the severer manifestations usually die during the first p 
The tendency to bleed tapes markedly at different times in the same individual 

Bleeding does not occur from a simple pinprick, and venepuncture can be 
without danger. The bleeding time is usually normal, and reaction to the £, ^T 
resistance test is negative. Purpuric eruptions never occur. The coagulation dmewi»*W^ 
greatly prolonged, often to an hour or more. However, this varies greatly 
individual on successive examinations, and at times may be nearly normal The ° * 
tracts normally after it once forms The platelets are normal in number, ana en |. f 
reduction in the quantity of fibrinogen, calcium, or prothrombin. There is 3 e y , 
conversion of prothrombin into thrombin. There is a deficiency in hemop 1 1C / norrnJ ] 
some clot-promoting substance (thromboplastin, Howell) which is present w ^ 
plasma and is largely concentrated in Cohn's fraction I, and subfraction I 0 
of the plasma globulins. It is associated with but separable from fibrinogen an P ^ 
bin. Many have believed that the platelets are abnormally resistant and do n ^ 
grate and initiate coagulation by liberation of thromboplastin, as do no™ . cr 
Recent work, however, casts doubt on this view. Cytologically the 
shows the changes of an ordinary posthemorrhagic anemia. injceDt®* 

The bleeding may be checked for three or four days by transfusion, J 

- . t l.i .. of normal plasma t _ 

■ ■ • , ’ .pcvcrfc' f 

■ • - ■ ■ ' , e chiidseO 

the disease, and never transmit it, but fus uuug.uu* ’ dauRhtcrS become *£ 

of a conductor, half her sorts manifest the disease, and half d female. d } 

factors, and transmit the defect. Theoretically half no autW“ 

hemophilic male and a eondnetor should have the disease, but thus ", 

'“BSSw'pawdo'hem'^hiKa (von W.llcbrand’s syndrome, “j^^**** 
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probably as a simple incomplete dominant character. 
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ai;iz?’7' abk l T m morc ,1,M i[ d “ ! p ™ 

£ om,lTa°cd " ,mpMUn,> bc “" ie “ d 


vJ m T ,, I , t Ct aL W936 > "poorf *at intracutaneoiu injection! ol mam 
venom caused local react! on, in eases of Ihromboeytopenic purpura and email, do! 
purpuras during die period of active bleeding, with a disappearance of the relttieao 
patients who improved clinically. This was not necessarily associated with an mat 
in Platelets or a reduction of the bleeding time. They regarded the test as olprogaw 
as well as diagnostic value. Recent work indicates that the test is probably significant only 
m indicating abnormal fragility of the small vessels. Therapeutic use of venom has 
given contradictory and usually Jisappomung results. It is probably uleltss in linn- 
bocytopenic purpura. 


procedure. One-tenth ml of a I : 3000 dilution of standard venom (obtainable from 
Lcderle Laboratories) is injected intracutancously. A positive reaction is indicated bj 
the appearance of an ecchymosis at least 1 cm. in diameter at the site of the injection 
within an hour. An injection of salt solution is given as a control. 

Hemophilia. This is a rare, hereditary disease, due, possibly, to a constitutional ab- 
normality of the platelets. It is characterized by a tendency to protracted bleeding from 
slight cuts and bruises. The bleeding often persists for days or even weeks as a dow 
oozing which may eventually be exsanguinating. Bleeding often occurs also into tit 
subcutaneous tissues and into the joints, which are seriously damaged after repealed 
attacks, but rarely from the mucous membranes, except from the nose or gunw M*/ 
victims have died from hemorrhage following circumcision or tooth extraction. The 
tendency to bleed is always manifested in infancy (although rarely during die 
week), and patients with the severer manifestations usually die during the first ft* 
The tendency to bleed varies markedly at different times in the same individual 
Bleeding does not occur from a simple pin prick, and venepuncture can be performc 
without danger. The bleeding time is usually normal, and reaction to the capj *9 
resistance test is negative. Purpuric eruptions never occur. The coagulation time 
greatly prolonged, often to an hour or more. However, this vanes greatly to the 
individual on successive examinations, and at times may be nearly normal. The c o 
tracts normally after it once forms. The platelets are normal in number, and I men ^ 
reduction in the quantity of fibrinogen, calcium, or prothrombin. There is 3 .. 
conversion of prothrombin into thrombin There is a deficiency in hemophi c p 
some clot-promoting substance (thromboplastin, Howell) which is P«* eilt , fl jfl 
plasma and is largely concentrated in Cohn’s fraction I, and subfraction " 0 
of the plasma globulins. It is associated with but separable from fibrinogen art P 
bin. Many have believed that the platelets are abnormally resistant and nktcfc* 
grate and inmate coagulation by liberation of thromboplastin, as do nor ^ ^ 
Recent work, however, casts doubt on this view CytoIogicaUy the b oo 


shows the changes of an ordinary posthemorrhagic anemia. i w «uof» 

The bleeding may be checked for three or four days by transfusion, o 
of the antihemophilic globulin fraction of normal plasma. , ^ , { eiBi )u, d* 

The disease occurs only in males, and direct transmission » *oleIy ttrojg b»e 
conductors, 3 s a recessive, sex-hnhed character. The sons of a hemop i ic ^ 
the disease, and never transmit it, but his daughters become : con wo* ^con* 
of a conductor, half her sons manifest the disease, and half h g ^ 0 { a 

ductors, and Iran™. dm data. TheoneeM, half dm &*??£££££<*> 
hemophilic male and a conductor should have the disease, but , ^ 
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probably as a simple incomplete dominant character. I 
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CHAPTER 16 


Medical Parasitology 


Parasitology is the science which deals with parasites, their activities and 
effects. A parasite is an organism that lives on or within and at the expense of 
some other living organism. We are concerned here with the animal parasites of 
man, or medical parasitology. All the parasites of man belong to one of the fol- 
lowing major animal groups, and the science of parasitology is often divided ac- 
cordingly (see p. 476). 

Terminology. There are certain terms employed in parasitology which it is 
necessary to understand. Among these, the following arc explained: 

The animal which supports the parasite is known as the host. Many parasites 
utilize different hosts for different stages of development. The animal harboring 
the adult stage is referred to as the definitive host, that harboring the larval stage 
as the intei mediate host First and second, or more, intermediate hosts may be re- 
quired when there is more than one larval stage. Some parasites utilize several dif- 
ferent hosts during their life, each host serving the parasite in the same manner. 
Thus we speak of three-host ticks although the parasite-host relationship is not 
changed during the parasite’s life cycle: each host provides the parasite with a 
blood meal 

Some parasites depend entirely upon their host or hosts for continued existence, 
these are called obligatory parasites They may survive outside the host for varying 
periods of time in a resistant stage, but they must return to a host in order to 
continue life and reproduction. Other parasites are capable of cither independent 
existence or parasitic life; these are referred to as facultative parasites 

The term true parasitism implies a condition in which the parasite docs harm to 
the host and derives all benefit from the association, an example of this would be 
the hookworm infecting man. Commensalism is a term used when the parasite is 
benefited and the host unharmed, the nonpathogcnic protozoa of the human in- 
testinal tract provide examples 

At times we divide parasites into ectoparasites and endoparasttes according to 
their habitat upon or within the body of the host. It would be an easy matter to 
decide that the body louse belonged to the first group and the hookworm to the 
latter, but it is more difficult with the itch mite which penetrates the skin. It is 
usual to apply the term infection for parasitization within the body and infestation 
for that which is external or visible Using the illustrations alios e, an individual 
is infected by hookworm and infested by lice; parasitization by the itch mite is 
usually called an infection. 
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Parasites of other animals or plants may enter the body of man; when man 
plays no part in the life cycles of such organisms they are called accidental para- 
sites. 

Epidemiology and Life Histories. The life histories of parasites which show 
direct transmission as from man to man, or reinfection of the same individual, 
are on the whole simpler than those requiring one or more intermediate hosts; yet 
there is great variety in the complexity of the life cycles of the former. The eggs 
of the pinworm are infective for the host soon after they are deposited on the 
perianal skin; eggs of the common roundworm must incubate in a favorable en- 
vironment until an embryo has developed within the shell, when they prove infec- 
tive upon ingestion; with the hookworm egg, not only must an embryo develop 
within the egg shell, but this embryo must also leave the shell, undergo molting, 
and change in form before it is capable of producing a new infection. 

With the parasites requiring one or more intermediate hosts the problem is still 
more complex. The cycles may vary from the relatively simple case of the beef 
tapeworm, in which the embryo develops in the muscles of the cow and the adult 
in man, to the involved cycle of the human lung fluke in which the larval stages 
are passed in the snail and then in the crab. 

It will be evident that, should the entire life cycle of an animal parasite be passed 
m a single host, the continuation of the species would be endangered — the para- 
site would die when the host ceased to live For this reason the transfer of parasites 
to another individual is necessary, or there must be a substitution of hosts or an 
adoption of free-living periods. Where parasites must pass from one host to an- 
other and back to tbe original host the chances of individual survival are very 
slight To provide against extinction of species there is prodigality in reproduc- 
tion. Some parasites show reproduction only by the adults m the definitive hosts; 
others show multiplication in both definitive and intermediate hosts. The more 
common roundworms of man produce a large number of eggs without multiplica- 
tion in the intermediate stages, the flukes produce large numbers of eggs in the 
definitive host, followed by extensive multiplication in the snail; the malaria 
parasites multiply in both man and mosquito. 

The parasite frequently assumes a resistant stage as it leaves the definitive host. 
This is especially true of those that have but a single host, or that have vertebrates 
for both definitive and intermediate hosts The resistant stage is passed from one 
host to another when it is ingested. The passage of parasites from vertebrate to 
arthropod is also ingestive, but the passage back to the vertebrate is usually by 
inoculation, it may be by ingestion when a fly deposits the infective stage on 
man's food. 

Various arthropods thus become vectors of parasitic diseases. The term mechanic 
cal vector is applied to those in which the parasite is unchanged in its transfer 
from host to host Infection may be introduced into the new host through the vec- 
tor’s feces or by its contaminated appendages; the common housefly carrying 
protozoan cysts is an example. Many of the parasitic diseases are transmitted by 
biologic icctort, of which wc have two types: (1) those in which the parasite 




Direct Transmission 
(Intermediate host not required) 


One Intermediate Host 
(Obligatory) 


Without delay — 

parasite immediately infective for man: 
Endamoeba histolytica 
Giardia lamblta 
Trichomonas vaginalis 
Balantidium coli 

Plasmodium species (under special cir- 
cumstances)* 

Trypanosoma species (under special 
circumstances) 

Leishmama species (under special cir- 
cumstances) 

Hymenolepis nana 
Sarcoptes scabiei 
Pedt cuius humanus 
Phthirus pubis 


No multiplication but parasite undergoes 
development in intermediate host. 
Wuchercna species 
Onchocerca volvulus 
Loaloa 

Dracunculus medtnensis 
Taenia species 
Dipyhdium caninum 
Hymenolepis dimmuta 
Hymenolepis nana (rarely) 

With multiplication and development®® 
termediate host: 

Schistosoma species 
Trypanosoma species 
Leishmama species 
Plasmodium species* 

Echinococcus granulosus* 


With delay — 

parasite must develop to infective stage: 
Entcrobius vermiculans 
Ascans lumbrtcoides 
Trtchuns tnchiura 
Ancylostoma species 
Necator amertcanus 
Strongyloides stcrcorahs 
Tnchmclla spiralis 

With free-living cycle — 
parasite must develop to infective stage: 
Strongyloides stercoiahs 


Two Intermediate Hosts 
(Obligatory) 

No multiplication but 

development in both intermediate 
Dtphyllobothnum latum 
With multiplication in first interm 
host — development in both- 
Clonorchis sinensis and otner 
flukes ....ind 

Fasciolopsis bush} and other i 
flukes 

Paiagontmus westerntam 


nuns — * 

•In these species man is the intermediate host and some other arnmah the 
fife cycles, however, fall easily into the above scheme. 
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undergoes biologic changes without increasing in numbers (the mosquito trans- 
mitting filariasis); (2) those m which the parasite shows multiplication as well as 
biologic changes (the mosquito carrying malaria). 

The source from which new hosts are parasitized is referred to as the reservoir 
host . Man is the only reservoir host in malaria, mosquitoes becoming parasitized 
when they ingest human blood containing sexual forms of the parasite. In certain 
other diseases, some other animal as well as man may serve as the reservoir of 
infection; in a few, lower animals are the principal reservoir, man being only 
secondarily involved. In searching for the reservoir hosts one should keep in mind 
that the parasites of man often have closely related species in other animals. 

The epidemiology of parasitic diseases is seen to present a complex problem in- 
volving the life history of each parasite and the various methods by which the 
infective stages reach the human host. Racial or individual habits, environment, 
and the degree of civilization all have their part in determining the distribution 
of each parasite. Any life history involving other animals as hosts or vectors will 
influence the incidence in man accordingly. Because of the complexity of the 
problem, the life history of each important parasite will be discussed hereafter 
in detail. 

Classification. All living things are divided into groups according to similar 
morphologic characters. The largest divisions are the kingdoms, and most living 
things fall into either the animal kingdom or the plant kingdom; some — -viruses 
and rickettsiae — do not fit well into either. Each kingdom is divided into branches 
or phyla and subdivided into (lasses, oiders, families, tribes, genera, and species. 
Although occasionally divided into subspecies, the species is the basic unit of clas- 
sification. 

A species is defined as a group of similar individuals which can mate and produce fertile 
young In some instances Yhe female of one species may mate with the male of a related 
species, but the offspring, a hybrid, is sterile Of course, the male and female of the same 
species may be very unlike, but the young resulting from mating will have characters 
similar to the parents. The male is designate d by the sign of Mars, , and the female by 
the sign of Venus, $ . 

Species which are very much alike arc grouped into a genus, and the species representa- 
tive of that genus is called the type species, the definition is based on the first-desenbed 
species of that genus; if at any time such a genus is broken up into other genera, this geno- 
type remains with the original When a valid name is given to a species and that species is 
later transferred to another genus, the specific cognomen must attach to the new genus. 
Thus Culex aegypti, when placed with the genus Stegomyia. became Stegomyia aegypti 
and, when placed with the genus /tides, became Aides aegypti. A genus may have only a 
single species 

The term tribe is applied to certain genera that show resemblances permitung broad 
groupings, the name of a tribe ends in **im. M Tnbcs with common characters may be 
grouped into subfamilies \v itb a name ending in “mac.” The latter arc similarly grouped 
into families, the name ending in "idae." Many families are not divided into subfamilies, 
being separated directly into genera; at limes they arc grouped into a superfanuly, the 
tcrminauon being “oidca ” 

An order is formed by a group of families agreeing in some striking feature, and a 
class is similarly formed from orders. The following are examples of classification: 
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KINGDOM- , . A Uas 1“‘"> 

PHYLUM.- n'Z A™,,! 

CLASS: „,° rd: " 3 Arlhropoda 

ORDER: 

FAMILY: 5™ al “ Dipta. 

SUBFAMILY: mm,dac Cubddac 

TRIBE; Culjcinac 

GENUS: it Anophehni 

SPECIE S: mo Anopheles 

* em puna,,, a, U, 

' h V, h0UMnd! “ f 

... d ‘ “ W,U bc ra <% po-ccivcd :hat 


A Malaria Parasite 

Animal 

PtOtOZOJ 

Sporozoa 

HacmiKponJu 

P/asmodncfac 


arc considered, it will be rcuMu „ 1 trcnt S encra and species of animals 

«J un,c ss son ; c indescribable confusion „eeM F 

lional Code baaed 00^,7 I : , ' dcs « nati “"- To a,o,d th.a, the hum 

>«.» . °“ the ,ul “ of LlMUeu. fieoih C. ’ . x,. 


'758) la made the basis of ’° f L '™^(tcmh edit, on of S,s,cm> Ni,«, 
specific names are used in referring “’ll?- no ”“ ,cl “ ure - {Meric W 
{onus u-hich has a Greet or I ,, :f ""“S ““'”8 3 ‘P cci “' * 


{onus which has a Greet or I „ s F ' 

another gro'up oTai^Ss.' It^ a' mfe b ' 1 °'" ,h . a ‘ ha! ake! “ lf b ' cn *""? 
ent of botanic ones so ih-n'o, of nomenclature that zoologic names are in*re«J 
non to Its fear * , P 5 ,or u$c of a « cncnc name for a plant is not a ulid ob;:c 

names svhich are already t ”' 6 " '° i "‘° d '“ ,ioa M ° rf 

With thT^nrr^r mc ,my k c a noun ,n tbc genitive; if an adjective, it must agree in gender 
u.itk ( £ * nanie ^ Is permissible to hate a masculine noun as the specific Dime 

in the r„T* sencnc n3me - ft the specific name is a modern patronymic, we add V 
» SC ? J n,3n or ac ^ or 3 woman to the exact and complete name of the person 
printed matter the zoologic name should be in italics, that of the family in Roman 
pc. ames s lould be Latin or latinized The name of the author of a specific name s 
° , cn ,nimc . ““V a ^ tcr the scientific name, without punctuation, and may be followed 
m y ^ af ° f P ubllcatlon s °t off by a comma, thus. Ascatis lumbncoides Lnnaeus, 175* 
tou t ie name of the author appear in parentheses, this indicates that he proposed the 
speci c name but placed the species in a genus other than that in which it now appears, 
t e name of the author responsible for placing the species in the present genus maybe ^ 
written after the name of the original author of the species For example, “Schistosoma 
haematobium (Bilharz, 1S52) Weinland, 1858" tells us that Bilharz proposed the specie 
name haematobium m 1852 but placed it in some other genus and that Weinland in 1*» 
transferred it to the genus Schistosoma. 

There arc certain rules governing the naming of animals. Of these, the law of pr<orsty 
protides that the oldest published name, under the Code, of any genus or species is i f5 
proper zoologic name. The name must appear in a well recognized publication, and eren 
the printer’s proof does not establish priority. In the case of larva and adult, or male & 
female, formerly considered different animals but subsequently found to be the same, * e 
oldest available name becomes the name of the species. Another point is that names aie 
not definitions; consequently the fact of appropriateness of any name is no objection^ 
its continued use. This will appeal to anyone as a wise provision, for if a different n 
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were substituted each time a designation more descriptive or applicable was invented, it 
would be utterly destructive to system Considering that some of our parasmc animals 
hase approximately 50 different designations, it becomes important to eliminate all but 
the single, proper zoologic name. 

The objection so frequently heard in connection with adopting new names for old 
ones is not well founded Wherever confusion has reigned, the establishment of order 
always results ui temporary greater confusion The student taking up this subject a few 
years hence will have to burden his mind with only one name for each parasite There 
is only one correct name for an animal and all others are synonyms The principal cause 
of changes in names is that our conception of the relationships of animals changes 

Keys. A biologic key is a series of alternative or contrasting statements forming 
a set of directions which, when correctly followed, lead to the identification of 
the unclassified organism. Keys are usually constructed in an abbreviated or out- 
line form and may assume various mechanical structures, depending upon their 
length and complexity The simplest key, and the one used in this section, con- 
sists of a senes of couplets of contrasting possibilities, only one of which will be 
true for the animal to be identified. In using a key, one must choose the correct 
alternative and follow where it leads The key below is for the larger groups of the 
animal parasites of man. Keys to the important genera and species will be found 
in appropriate chapters. 


Key to Animal Parasites of Man 
(Modified from Sules) 


1. Unicellular animals (acellular) , without tissues, protozoa 2 

Multicellular animals, with ussues, metazoa . . .5 

2. Animals with locomotor organelles . . 3 

Animals without locomotor organelles, both sexual and asexual 

rcproducuon, the former resulting in sporozoites, 

sporozoanr Class Sporozoa 

3. Animals moving by means of filamentous or hairhke organelles 4 

Animals moving by means of rootlike extensions of cytoplasm 

or pseudopodia; amebae Class Sarcodma 

4. Animals moving by means of threadlike or whiplike filaments, 

flagella, flagellates Class Masugophora 

Animals moi mg by means of fine, short filaments — cilia — 
covering the entire body, cihates . Class Cilia ta 

5. Body never provided with jointed appendages (j 

Body with jointed appendages in the adult; provided with 
mouth parts, breathe through tracheae . . jj 

6 Body more or less flattened ... 7 

Body ordinarily round in cross section . 9 

7. With complete alimentary canal — mouth, intestine, and anus 
present; sucker on posterior end, body annulated like an 
earthworm; parasitic in upper respiratory tract or externally; 

leeches . bloodsuckers Class Hirudinca 

Without complete alimentary canal — mouth and intesunc present 
or absent, alwajs without anus g 
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8. Body of adult segmented; two or four suckers present; alimentary 

tract absent; tissue usually contains calcareous corpuscles; adults 

parasitic in intestines; tapeworms Class Cestoidea 

Body of adult not segmented; one or two suckers present; mouth 
and intestine present; parasitic in liver, lungs, blood, intestine, 
occasionally elsewhere; flukes . Class Trematoda 

9. Intestine present; no armed rostellum H 

Intestine absent; armed rostellum present; \cry rdre in man, in 

intestine, thorny-headed worms . ... Acanthoctpha'a 

10. Intestine rudimentary in adult; lateral chords absent; rare, acci- 

dental parasite in intestine of man; hairworms Class Gordiaca 

Intestine complete in adult; lateral chords present; parasitic in 
many organs and tissues; very common and important; round- 
worms ... • • ■ • Class Nenatoo 

11. Body of adult divided into distinct regions: head, thorax, and 

abdomen; six legs present in adult; Jar>a annulatcd much like an 

earthworm; insects — ^* ss nsecU 

Body not divided into distinct regions; head, thorax, and abdomen 
coalesced; eight legs in adult, six in larva; larva not annulatcd; 

. . v Class Aracw 1111 ' 

ticks and mites 



CHAPTER 17 


Medical Protozoology 


Protozoa Causing Specific Human Diseases 

Table 51 


Protozoa Causing Specific Human Diseases 


Parasites 

{Diseases) 

Definitive 

Hosts 

Intermediate 

Hosts 

Important 

Reservoir 

Hotts 

Transmission 
to Han 

Endamoeba histolytica 
(Amebiasis) 

Man 

None 

Man 

By ingestion 
(mature cyst) 

Balantidium coh 
(Balantidiasis) . 

Hog, man 

None 

Hog, | 

By ingestion 
(mature cyst) 

Ciardta lamblta 
(Giardiasis) 

Man 

None 

Man | 

By ingestion 
(mature cyst) 

Trichomonas vaginalis 
(Trichomonad vagimus) 

Man 

None 

Man | 

Not known 

Trypanosoma gambtense 
Trypanosoma rhodestense 
(African sleeping sickness) 

Man, 

| animals 

Tsetse flies 1 

( Closstna sp ) | 

Man, 1 
animals 

By inoculation 
(bite of fly) 

Trypanosoma crutt 
(Chagas’ Disease) 

Animals, 

man 

Reduviid bugs 

Armadillo, 
j opossum 

Infective feces 
(deposited by 
bug) 

Leishmama donovam 
(Kala-azar) 

Leishmama tropica 
(Oriental sore) 

Leishmama brasilsensis * 
(Lspundia) 

Man, dog 

Sandflies ( Phle - 
botomus »p ) 

> 

1 Hog, man 

By inoculation 
(bite of fly; 
direct transmis- 
sion possible) 

Plasmodium malanae 
Plasmodium t max 

Plasmodium falciparum 
Plasmodium ovale 

Plasmodium {nou leu 
(Malaria) 

Anophehne 

mosquitoes 

Man 

Man 

By inoculation 
(bite of mos- 
quito; also by 
transfer of in- 
fected blood) 


•While Jogs and other animals have been implicated in Leith mama donotam and L, tropica. 
no animal host has been prosed for L. bratdientis, this also applies to the insect host. 


" Morphology and Biology. By the term “protozoa” we understand a group of 
animals in which the individual is composed of a single cell morphologically and 
functionally complete; it is not one of a number of cells going to make up a com- 
plex individual and dependent upon such a combination as is the case with 
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“^r ,iation inw *» ** <* ***** 

.hcXr^rt:™ ' “ y t *" ““ - — 

ciz“ d im r“ *« « —2 ir;rrz ; 

capture Wc recognize three meant of locomotio^-pseudopodta, flrfa aed I 
-and these are used in separating the P,„,„ 20 a Jo ch J s . ^e XCct 

struc,ur‘ rI0UI ,nd “' 0ns - nucki ' ^ vacuoles, contractile vacuoles, L other 
structures concerned with reproduction and nutrition. 



Nucleus. Most protozoa contain a single nucleus although each of the four 
classes contains species provided with more than one. The nucleus is concerne 
chiefly with reproduction and is characterized by concentration of the so-csllc 
chromatin substance of the cell. The usually accepted test for chromatin, the Jtam 
ing affinity for basic aniline dyes, is not entirely satisfactory as substances w 
than chromatin may stain even more intensively; such material is usually exit* 


nuclear and is identified as chtomatoid (chroma tinJikc). ^ 

The nucleus is made up of a network of Unin, an achromic reticulum w “ 
the nuclear sap or karyolymph is contained. An achromic nuclear mem 1 
usually separates the nucleus from the cytoplasm. In addition there is an ac to ^ 
substance, plastin, in which the chromatin grains are embedded. Aary<?m»«^ ^ 
made up of plastin-chromatm combinations; they are dark-staining and 
cated at or near the center of the nucleus. Chromatin grains may b< 
throughout the nuclear area, on the nuclear membrane, or on the nets' 0 * ' ^ ^ 
when scattered throughout the cytoplasm as extranudear granu tt0 
granulations are called chromidia. oUtsI de 

A cenUosome which presides over cell division is usually i ocat0 j Hjc j£ U $ 3(l d 
the nucleus. In some protozoa, however, the centrosome is within ten 
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may be seen inside the karyosome, then being called a centriole. The centrosome 
may also function in kinetic activities and is then called a blepharoplast. When 
appearing as a small granule at the base of the 
flagellar apparatus, it is called a basal granule. 

Reproduction. Two main types of repro- 
duction are seen in the Protozoa. Asexual multi- 
plication is accomplished by simple division or 
fission — when the nucleus and the cytoplasm 
divide into two; or the nucleus may divide into 
a number of daughter nuclei, this division be- 
ing followed by multiple splitting of the cyto- 
plasm, schizogony. Sexual reproduction follows 
the differentiation of certain cells into male 
and female forms The union of the two sexual 
cells, syngamy, results in the formation of a 
new individual, the zygote. An additional type 
of sexual reproduction is found in the abates 
and consists of a temporary fusion or conjugation of two similar animals. 

Classification: Sarcodina. This class contains one family of medical importance, 
whose members arc commonly called the amebae The various forms of this class 
move by means of pseudopodia — rootlike extensions of the cytoplasm — which also 
serve as structures for obtaining food Ectoplasm or both ectoplasm and endoplasm 
may take part in making up the pseudopodia. These organelles vary in shape and 
characteristic activity in the different species. 

Masticophora, This class contains several families of human protozoa, all be- 
longing to the same order. The motile forms of this class have threadlike or whip- 
hke processes, flagella, for the purpose of locomotion and obtaining food. Some 
species have an undulating membrane in addition to the flagellum. 
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Table 52 

the Protozoa op Mas 
family 


Sarcodina— 


EndamocbjJac- 


[SrcomonadiJac_ 


Genus and Specie: 


I Endamoeba histolytica 
I Endamoeba colt 
I Endamoeba pnguahs 

j Endohmax nant 
I lodamocba butte Ain 
j Dientamocba jrapfo 


— Enteromonai homtm, 


Masiigophora 


— Proiomorudtda- 


Tfichomonadidac 


(Tr)jun<»omiJae' 


[CocckIu- 


HarniosporiiJu - 



Trichomonas ionwut 
Trichomonas capnahi 
Trichomonas tenax 


Trypanosoma g amhenit 
Try pan a soma tAodencm 
Trypanosoma crust 

Leu h manta donotam 
Letshmama uopica 
Leith mama brasihcnsis 

psospora homtmt 
( Etmcrta sttedae 
VpTasmodtum malarias 
I Plasmodium t n ax 
A Plasmodium jjlC‘pa' m 
/ Plasmodium oi ale 

I Plasmodium tnoulca * 




Sporozoa. This class is identified by the method of reproduction and by tbcfc 
scncc of locomotor organelles. Reproduction may be asexual (schizogony) 01 
sexual— after union of male and female gametes and the production of 5 P or | 
(sporogony). All the Sporozoa of man are parasitic within cells, tissues# or 
cavities. This class includes the important malaria parasites. ^ 

Ciljata. Only one species of medical importance is included in this class, 
animals are characterized by a covering of hairlilce cilia which serve for ^ C0 ^V 


non and to direct food particles into the mouth; the organelles may be e\J 
distributed over the entire animal or more prominent in certain regions. 
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is enveloped m a cuticle which may have only one opening, the cytostomc 
(mouth), or a second opening, the cytopygc (anus). The organisms usually have 
both a large macronucleus and a small micronucleus. 



A cilUte. 

Plan of Study of Protozoa of Man. By comparing Tables 51 and 52, it is im- 
mediately apparent that not all of the protozoa infecting man cause disease. Some 
are true parasites while others are commensal organisms. Since the nonpathogemc 
forms may be confused with the specific ctiologic agents of certain diseases, medi- 
cal protozoology must include' a study of all the protozoa to be found in man. 

The protozoa of man of major importance readily fall into two groups based 
upon their habitat in the body— the blood protozoa and the intestinal protozoa, a 
third group of less importance is made up of those inhabiting other parts of the 
body. These groups provide a better classification for clinical and laboratory 
study than do their zoologic relationships. For this reason the material pertain- 
ing to medical protozoology Will be presented under the headings of Blood 
Protozoa and Intestinal Protozoa; the other protozoa arc included with related 
organisms of the latter group. 
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-S:~ f rr% bi “ j ° f ™ bc « ... 

flagellates of the class Masti"! , C ° mpriSC lhc £ rou P °t ma l°r importance; hemo- 

.he second g r ‘ Mast 'S°Pl'°ra arc fend in blood and .Issue, and nkc 

The Malaria Parasites 

co 7 d r J an importa "‘ probi ™ ° f -* ^ 

vosurc of r * CSpCC,a ^ t * 10sc of forcj g n lands. With the recent «• 

return to nv i *^i !° ^! S ** ,seasc ,n man Y regions of the world and that 

the mo, r 1 Ian ' c ’ *" a ar,a is no J°ngcr an exotic disease. It has always been 
t , P .° rUnt of human leases caused by Protozoa, and World Waffle 
-tome SC * ^ * mporIancc > a ^ most everyone will be personally acquainted vuth 
person w o has had or is still having attacks of malaria. Every laboratory 
nician must now the malaria parasite; an accurate and reliable diagnosis c>( 

. j . a * Ca * C ™ sts solel y u P on the use of the microscope by an adequately trained 
individual. The history of malaria in the United States is covered in an interest- 
ing paper by Faust (19-15) 

Classification. The order Hacmospondia includes tuo families and seicral 
genera, to one of which the malaria parasites belong. This genus, Plamoit™ 
Marchiafava and Celli, 1885, ts characterized by parasites which invade red blood 
cells, showing boih asexual reproduction (schizogony) and gametocytc formation 
within them; which exhibit ameboid activity at certain stages; and which produce 
pigment. Species of Plasmodium related to those found in man have been demon 
strated in other vertebrates, especially in monkeys and birds. More distantly re- 
lated parasites arc also found in other vertebrates Of these may be mentioned 
Babesia in cattle, sheep, horses, and other mammals; Uaemoprotcus in birds a 
cold-blooded vertebrates; and Letuocytozoon in birds. 

The following species arc recognized as causing disease in man: 

Plasmodium malariac (Lavcran, 1881) Grassi and FeJem, 1390. 

Plasmodium vwax (Grassi and Feletti, 1890) 

Plasmodium falciparum (Welch, 1897). 

Plasmodium ovale Stevens, 1922. 

Plasmodium \notvlesi Stinton and Mulligan, 1932. 

The recognition of strains or laces of the various species of Plasmodium ^ 
on observations of clinical virulence, infectivity for man or mosquitoes. 2 
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lated immunologic differences. Such features have not been correlated with 
morphologic characters. Coatney and Young (1941) list the following strains as 
studied in the United States: the McCoy, Cleveland, St Elizabeth, and U S. 
Public Health Service strains of Plasmodium vivax; the Jones strain of P. malariae, 
and the Long strain of P. jalctpatum. More recent studies have included strains of 
P. vivax acquired in New Guinea and the Solomon Islands. 

Life History and Morphology. In general, the plasmodia parasites are host 
specific human species are not infective for monkeys and species from the 
monkey do not develop in birds. Plasmodium \nowlesi, normally parasitic in the 
macacus monkey, is an exception, being capable of producing experimental disease 
in man. The plasmodia are also host specific in the mosquito, only anophelincs 
serve as vectors in human malaria, while culicinc mosquitoes are the definitive 
hosts for species found m birds The definitive hosts for many species are not 
known 

Two cycles of development are involved in human malaria, one in the definitive 
host, the female anopheline mosquito, and one in the intermediate host, man. 
These two cycles are called sexual (sporogonous) and asexual (schizogonous), 
respectively, and the complete life cycle requires an alternation between the two. 
Although the sexual cycle begins in man with the formation of gamctocytes, it can- 
not be completed until these sexual forms have been ingested by the mosquito. 
After a period of development and multiplication within the insect, infective 
stages may be introduced into a new intermediate host when the mosquito again 
feeds. 

CiCLE in Man The infective stage for man, the sporozoite, is introduced with 
the salivary fluid of the biting mosquito Repeated experiments on man and birds 
by various authors have shown that the parasites are inoculated into tissues as 
well as directly into the blood stream. Immediate surgical removal of the bitten 
area does not prevent infection, indicating that parasites are promptly carried to 
distant points; tissue removed from the area of the bite is found to be infective; 
and mosquitoes biting through skin over a blister also produce infection. More 
recently, Fairley ct al. (1945), working with Australian soldiers, have shown that 
the sporozoites can be demonstrated in the circulating blood immediately and for 
several minutes following the bite; after this brief period, parasites are absent 
for about seven days or longer. 

The development of the parasite during the period from its disappearance to 
its reappearance in the blood stream is not known. Research conducted by Huff 
ct al (1944, 1945) has demonstrated tissue stages in bird plasmodiasis; the names 
cryptozoite and metacry ptosoite have been suggested for these stages. It may be 
assumed that some similar development takes place in human malaria. There is 
every evidence that the parasites have changed morphologically and increased in 
numbers during their absence from the blood, the so-called tissue or exo-erythro- 
cytic phase Raffaclc (1946) believes he has demonstrated cxocry throe) tic forms 
from the bone marrow in all three of the important species of malaria in man. 
Parasites can be demonstrated, by transfusion, in the blood a few to several dajs 
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before the onset of clinical symptoms — before the termination of the clinical in- 
cubation period. 

Parasites are first found in the stained blood smears shortly before or after the 
development of clinical symptoms. The youngest form recognized is the young 
trophozoite. This is usually called a “signet-ring” form; it is made up of peripheral 
cytoplasm, a chromatin dot or nucleus, and a large central vacuole. The trophozoites 
arc within the red blood cells in which they grow and on which they feed. After 
a definite period of growth and development the nucleus of the trophozoite under- 
goes division, the parasite then being known 3s a schizont. When maximum 
nuclear division has occurred, cytoplasmic fission follows; the red cell then con- 
tains a mature schizont, sometimes called a segmenter, made up of a number of 
new, individual parasitic cells identified as merozoites. During this period of 
growth and development, pigment is produced and accumulates in amounts 
varying with the species; as the schizon* matures, the pigment granules become 
clumped into a single mass. 

The asexual cycle is completed when the red blood cell ruptures, releasing the 
brood of merozoites, the pigment, and the remnants of the cell into the circula- 
tion. The merozoites immediately attach themselves to new red blood cells which 
they apparently penetrate although this invasion has not been observed. The 
cycle is repeated at intervals which vary with the species, continuing until checked 
by therapy or the reaction of the host 

After the asexual cycle has become established, gametocytes may be found in the 
blood smears. In response to some unknown stimulus, certain schizonts become 
modified biologically so that their resulting merozoites and subsequent tropho- 
zoites do not undergo schizogony. Instead, the merozoites appear in new blood 
cells as modified ring forms and proceed in their development to the formation 
of cells that will be differentiated sexually. In theory, all the pre-gametocytc forms 
(merozoites) from a single schizont become cells with the same sexual characters 
— either all males or all females, microgametocytei or macrogamciocytes. Thus all 
merozoites contained in a single schizont may have any one of three destinies: (l) 
to become trophozoites that will continue schizogony; (2) to become micro- 
gamelocytes; or (3) to become macrogamciocytes. It must be understood that the 
sexual forms are ‘‘mother cells” capable of sexual function only after leaving the 
human host and further development into male and female gametes. Authorities 
do not agtee upon the period of time required for the development of a gametocyte 
from a mcrozoite. Since a well-developed gametocyte and a mature schizont of 
Plasmodium vivax may be found in the same red cell, it might be postulated that 
the time required for their development vvas the same in tins species. However, 
there is also evidence that some gametocytes require at least twice as Jong as the 
asexual forms (Mack, 1945). 

Cvclc in the Mosquito. When an individual with a clinical case or one who 
is a earner of malaria is bitten by a female anophclinc, parasites arc taken up 
with the blood. The mosquito becomes infected when both micro- and mac to game- 
tocytes arc present in adequate numbers; the forms of the asexual cycle soon dis- 
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2'T Within th ' m ' >S ' iu!, °- Thc ««1 tau become altered * , 

, , vn “ ”""»*“»«« and The microgametocylc und™ 

a development known as collation daring which its notices divides, each 1 
taking a filament of cytoplasm. These microgametes, foot to eight in J, 
break away from the mother cell and seek out the female gamete. The maojs 
tocytc prepares for fertilization by extruding part of its nucleus. A single miere 
gamete penetrates the macrogamete and the nuclei of the two hsc-tyngm? ! 
new ceil, the zygote, is thus formed; it becomes elongated and capable of am 
ment and is then known as the oo\mete. The motile ookinete migrates througf 
tlic stomach wall of the mosquito, coming to rest between the epithelium and th 
outer clastic membrane. A wartlike growth, the oocyst, develops, and within ink 
nuclear material is divided and reorganized — sporogony. The fully develop^ 
obeyst ruptures and releases thousands of sporozoites into the body cavity of the 
mosquito to penetrate tissues and fluid. Those that reach the salivary glands nut 
be transmitted to the next, intermediate host. 

The time required for the completion of the sexual ejele, from ingestion of 
gamctocytcs to the appearance of sporozoites in the salivary glands, varies in ti“ 
three common species of plasmodia that may be found in man. Envirowntt^ 
temperature is also an important factor, the development of gametes and spomgoaj 
being retarded by low temperatures and inhibited by those below 15° C; matured 
sporozoites will survive at lower temperatures. The time required for the <k 
\clopment of Plasmodium vivax and P. falciparum is about the same; P- adinx 
develops more slowly Under optimum conditions, P. vivax may complex 1 c 
sexual cycle in about 10 days. There may be few oocysts present, or many, roaIUf ^ 
at the same time or in different stages of development. The mosquito may 3r or 
more than one species and is not affected by the presence of the parasites. ^ 
Prevention and Control of Malaria. An appraisal of the malaria pj® ** ^ 
desirable in a given region before control is initiated. This is approac^t ^ 


study of the insect vectors and the reservoir host. In highly endemic aieas, 

e »Jn- etnmach W(tS 

vote 

> determine the S P^ 

preference for animal hosts. Blood smears 


mosquitoes may be captured and examined for oocysts, the stomac ^ 
centage of positives), or for sporozoites in the salivary glands, the sporo«oi ^ 
Blooded mosquitoes may be examined by precipitin tests to determine 1 * , 

5 from a sample or from 


preference lor animal hosts. iJlooa smears irom a wu4.1v ' cMnl inat' oS 
population will give the parasitic index (percentage positive), sa e ^bc 
for spleen enlargement will give the splcmc index. These two m ^ j pj etB5 
combined to give the endemic index (the number of persons wit en ^ yeoi 
plus the number of those with normal spleens but showing parasite ^ 

reduced to a percentage of the total number examined). Age is an 
tor, children serving as a better reservoir than adults. . special 

The control of malaria is an involved problem and comprises j^diral 
in itself. In addition to destruction and control of the ^ $c potential 1 / 

Entomology), protection from bites by anophehnes, * bc eliminate* jB 

infected, is of most importance. As an adjunct, the pa 
carriers by appropriate therapy. 
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u The use of atabrine as a suppressive drug during World War II was accompanied 
. by a dramatic reduction in the incidence of disability due to malaria. With the 
recommended dosage of 0.1 Gm. daily (given over long periods of time without 
"evidence of toxicity or serious incompatibility) clinical illness and the accompany- 
ing infectivity for mosquitoes were almost completely eliminated. Recent work in- 
■"dicates that the new synthetic, chloroquine, is superior to atabrine as a therapeutic 
"agent and probably as a prophylactic drug (Most et al., 1946). A still later 
'drug, paludrine, has enormous possibilities since it is the first causal prophylactic 
►to be synthesized which is effective in non-toxic doses. It has had extensive tests 
- (Adams et al., 1945; Macgraith et al , 1945; Fairley et al , 1946) and probably will 
ishave its greatest use against relapsing vivax malaria and in malaria control. 

. l Clinical Illness. Infection in man may be initiated by the inoculation of sporo- 
*i zones or by the injection of asexual forms The former is usually mosquito- 
^transmitted and is referred to as sporozoite-induced malaria; James, Nicoll, and 
/Shute (1927) reported the use of suspensions of sporozoites for artificial infec- 
tions, and this procedure has been employed in experimental malaria as more 
nearly duplicating natural infections. When blood containing the asexual forms is 
injected into man, we speak of trophozoite-induced infections. This may be an 
' accidental transfer as seen in drug addicts or following blood transfusion, it is the 
' method commonly used when malaria is employed as a therapeutic agent; and 
it is the only procedure by which Plasmodium \nowlcsi has been transmitted. 

The incubation period in sporozoitc-induccd infections is fairly constant for 
each species. There is usually a period of two weeks between the mosquito bite 
>’ and the onset of clinical symptoms in vivax infections; it is occasionally a few 
5 days shorter and may be a few days to many weeks longer. The incubation period 
*' for Plasmodium falciparum infections is a few days shorter than for those of P. 
v vivax, while P. malariae takes about twice as long. These periods arc only slightly* 
shortened by heavy sporozoite inoculations, suggesting that the tissue phase cannot 
, he hurried. On the other hand, the period between injection of trophozoites and 
l onset of symptoms is generally proportional to the number of parasites introduced; 

4 It may be shortened or almost eliminated by transfusion with heavily infected blood. 

„ The rapidity with which parasites may increase in the blood is determined by 
jf the number of merozoitcs produced by each schizont and the frequency with 
4 which schizogony is completed. Certain species have an affinity for red cells of 
.( certain age and this, together with the natural defenses of the body, may restrict 
the maximum number of parasites circulating in the human host. 



P. vivax 

| P. malariae 

P. falciparum 

Length of asexual ejele 

48 hours 

72 hours | 

36-48 hours 

Average number of merozoitcs 

16 

8 

20 

Age of celts preferred 

Young 

Old 

All ages 

Usual number of parasites 

20-40,000 

5-10,000 

50-100,000 

Maximum (per cu. mm.) 
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All phases of the clinical illness in man are related to the asexual cycle and th 
asexual forms of the parasites; gametocytes do not produce symptoms and disap- 
pear if not picked up by the appropriate mosquito. The classical phenomena of 
malaria are expressed in a paroxysm consisting of chills, fever, and so eating: 
these symptoms are initiated by the rupture of cells containing mature schnonts 
Since the schizonts tend to mature simultaneously, the clinical paroxysms at 
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spaced according to the length of the asexual cycle and give rise to common names 
for each species* 

Plasmodium vivax; Tertian malaria; paroxysms on the first and third days, 
every 48 hours; also known as benign tertian because the untreated infection 
usually terminates in a few days or weeks without serious effects on the host. 
The specific name refers to the active (vivacious), ameboid movement of 
the growing parasite. 

Plasmodium malartae Quartan malaria; paroxysms on the first and fourth days, 
every 72 hours. The specific name does not reflect the importance of this 
species today; in common usage, “quartan malaria" is preferred to “malariae 
malaria." 

Plasmodium falciparum * Subtertian malaria, paroxysms occurring with less than 
tertian periodicity; also known as malignant tertian (often fatal), tropical, 
or estivo-autumnal malaria. The specific name was assigned because of the 
characteristic shape of the gametocytcs produced. 

It so happens, more often than not, that parasites do not become organized into 
a single group maturing at the same time. It is possible to have two groups of 
Plasmodium vivax maturing on alternate days, a double cycle, resulting in a quo- 
tidian fever instead of the tertian type. The parasites of P. malariae may fall into 
one, two, or three groups, the clinical course being influenced accordingly; a 
double cycle results in paroxysms on two days out of three, and the triple cycle 
in daily paroxysms The falciparum parasites may never fall into groups; when 
they do become grouped the period of rupture is not a sharply defined time and 
the clinical reaction is a prolonged fever rather than a sudden chill and abrupt 
rise and fall in temperature 

The clinical reaction may be provoked by relatively small numbers of parasites, 
especially in the primary attack; the blood smears may disclose no organisms until 
multiplication has continued for another cycle or two. The severity of the early 
paroxysms is proportional to the number of parasites present in a given individual; 
the first rise in temperature may be slight but increasing with each successive cycle 
of schizogony. When the number of parasites is sufficiently high to produce a 
moderate to severe fever the temperature rise may be accompanied by a chill. 

Schizogony of Plasmodium falciparum differs from that of the other plasmodia in 
human beings; the blood cells containing young trophozoites circulate freely in 
the blood stream for only a few hours. These infected cells become "sticky" and 
tend to adhere to other cells and to the capillary walls m internal organs. In these 
capillary beds, older trophozoites become schizonts, and mcrozoites arc liberated 
to invade new red cells which may again circulate for a few hours. The 
agglutinated cells and ihe plugging of the capillaries result in focal symptoms and 
local pathologic lesions (cerebral malaria) which may produce a fatal termination. 
In addition, the parasites of /*. falciparum are not readily controlled by the host 
and nvay invade any rcJ ceil, increasing numbers also leading to a fatal outcome. 
The condition of the patient with parasites numbering 200,000 or more per cu 
mm. blood must be considered critical and may not improve. Anoxia nvay play 
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an important part in death from falciparum malaria (Rostorfer and Rigdon, 1945 ), 
Mixed Infections, The presence of two or more species of plasmodia in the 
same individual is called a mixed infection. When Plasmodium falciparum and 
P. vivax are introduced at the same time, parasites of the former dominate the 
clinical and laboratory pictures. When the falciparum attack subsides, P. max 
may appear and produce subsequent relapses. In endemic areas, persons with 
chronic malaria may show all of the three common species in a single blood smear; 
mixtures of P. vivax and P. falciparum are most common. 

Immunity. Immunity to malaria may be expressed by failure of infection to 
produce illness, with or without parasitemia; by a mild illness following infection; 
or by clinical symptoms of relatively short duration. Such immunity is usually 
temporary; it is believed by some to be lost when parasites base been com- 
pletely eliminated from the body of the host. The Negro race is considered to be 
partially immune to vivax malaria in the United States although colored troops 
exhibited a susceptibility equal to that of whites when exposed to the strains of 
Plasmodium vivax encountered in the Pacific area (Sapero and Butler, 1947), The 
Negro is also said to be somewhat immune to infection with P. knowlcsu In- 
fection by a single strain of P . vivax may result in immunity to that one strain 
with partial immunity to other strains of the same species. There is apparently 
no cross immunity between the different species. 

Blackwater Fever. This is a clinical disease entity usually associated only *#» 
falciparum infections. It is seen following repeated attacks or reinfections. Aw 
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exact circumstances producing this condition are unknown; various precipitating 
causes and contributing factors have been suggested. For the laboratory investiga- 
tion, parasites may be present in the blood specimens before and after the attack 
but usually are not found during the acute episode. There is intravascular he- 
molysis resulting in a marked reduction in red cells The released hemoglobin is 
excreted in the urine, giving the disease its descriptive name. Albuminuria is 
consistently present while red cells are rare or absent. Several excellent articles 
have recently appeared summarizing our present knowledge of this disease 
(Kitchen and Sadler, 1945; Maegraith, 1946). 

Terminology Certain terms have come into common usage in malaria and 
have recently been defined by a committee of the National Research Council 
(1945): 

infection. Infection is the condition in which living parasites are within the 
body, demonstrable by any laboratory method or clinical expression. 

parasitemia This is the condition in which parasites arc in the blood; when they 
can be demonstrated by blood smear the parasitemia is patent, otherwise it is 
subpatent. 

prepatent period. The prepatent period is the interval between the introduc- 
tion of parasites and their first appearance in blood smears. 

patent period. The patent period is any period during which parasites can be 
demonstrated in the blood smear 

clinical attack. The clinical attack is a phase of the disease marked by clearly 
defined symptoms due to malaria parasites. The first attack after infection is the 
primary attack, if late in appearing, it is a delayed primary. 
latency. Latency is any state in which infection is hidden. 

relapse This may be either clinical or parasitic; the clinical relapse is any 
clinical attack after the primary one; a parasitic relapse is the reappearance of, or 
increase in, circulating parasites. 

cure Cure may be clinical (freedom from attacks), parasitic (eradication of in- 
fection), spontaneous, or chemotherapeutic. 

complete prophylaxis. Complete prophylaxis is prevention of parasitemia by 
action upon the sporozoites or subsequent stages of the parasite. 
partial prophylaxis. Partial prophylaxis is delay in parasitemia, 
suppression. This is a limitation or reduction of infection without eradication. 
It is usually accompanied by prevention of clinical symptoms. 

Diagnosis of Malaria in Man. In areas of endemic malaria, vivax and falciparum 
infections arc those most frequently encountered; the former may be more im- 
portant elsewhere because of the recurrent nature of this disease. Returning mili- 
tary personnel of World War II have shown \ivax infections almost exclusively, 
those due to Plasmodium falciparum having died out during the period of sup- 
pressne treatment. Quartan malaria tends to be localized m its distribution and 
is of secondary importance. However, it is capable of long periods of latency; the 
reported cases of malaria following transfusions with blood from donors who had 
thetr last malaria attack 10 or 20 years previously have all been quartan. Ovale 
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pact, deeply trained, figment clumped »n center. 

(8) Mitrogamttocyte (male gametocyte). Chromatin i» pale ttaimng and diffuse. ^'P** 
ditperttd 


Caption for Plate VJI 

Piaimojiun, titojc in thick imeara ttamed with Giemta, using a buffer of pH 6 *• |c j, ( , ro t 
(Upper Uft) Smear made at the height of the tutUnal faroxjwn, «how mg a «*»“ ^ 
with approximately 14 meroroiter, a recently ruptured rchizont, and a BU “ b " o( i '° ul ' s 
trophozoitca A aegmented neutrophil it aten in the upper portion of the field. .„, r ho»iK». 

(Upper right) Smear made about 6 to 8 hourt after the paroxysm, showing y iti aid • 
tome of which are beginning to exhibit the amebonl cytoplasm diagnostic or . ^ 
gametocyte (female). A icgmented neutrophil it iocateJ about iwne o clock '» . y(fJ dm- 

{MJJh left) Smear made about 20 to 30 hoot* ttttt the fi» e o’d<A» 

octermjc ameboid trophozoite! of thia apeciea. A «egmented neutrophil « 

right) Smear made about 40 hour* after the paroxyMn, ahow®^ 11 *® >0W * 
and a gametocyte (male). An eo.inophil H wen about oot «««* •“ , ture ,chir » ^ 

(Lower left) Sme.r made zhortly before paroxywt. t o gtW 

a gametocyte (female). A aegmented neutrorhil .a »bo»n ‘hout thre d k » m 0 { f. a** 

{loner right) Smear made about 30 hour, after the 1 * the uneftzcUd tell*- 

thick imeara the parautized red blood cella fad to ly*e * . { t Esc smear. A *tS® 

giving a very character.** picture. Thia .« beet seen at the periphery 
neutrophil ii depicted at the upper left corner of the fiete- 
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have negative bleed smears within 48 hours. It is thus evident that, for seteta! 
hours after treatment is started, repeat examinations may be useful to obtain or 
confirm a specific diagnosis. However, i{ the original number of parasites uas 
low, even small doses of amimalarial drugs may be sufficient to reduce that num- 
ber to the point that subsequent examinations will not reveal the parasite. 

Men who have taken suppressive trcatmcnt.as recommended by the Navy and 
Army have shown negative blood smears, although infection was known to be 
present. Irregular or inadequate dosage with suppressive drugs may permit para- 
sites to circulate in sufficient numbers to be found in smears, with or without 
clinical symptoms being present. Those who have had repeated attacks may de- 
velop sufficient immunity to have circulating parasites, demonstrable by blood 
smear, with no clinical symptoms when suppressive treatment is stopped. 

Plasmodium Vivax in Thin Blood Smeaxs. The sprawling shape of the older 
forms in the stained blood smears is the most constant, outstanding feature of this 
species. At the end of the incubation period the blood will contain both young 
and old asexual forms at any one time; with subsequent paroxysms, most of the 
parasites become synchronized in their development so that a single examination 
will show stages corresponding to the phase of the cycle. However, there arc al- 
ways some parasites that are “out of step" with the majority, making it possible 
to find all forms in any smear, a second diagnostic feature. 

Tire “rings” usually arc not characteristic; if they must be utilized for diagnosis, 
they arc heavier and larger than those of Plasmodium falciparum. It is not unusual 
to find more than one parasite in the same red cell and as many as three and four 
have been observed. Ring forms are occasionally found with two nuclei, t «« 
usually being unequal in size and having the appearance of fragments. 0 cr 
trophozoites (after S to 12 hours) show the characteristic ameboid cytopasman 
produce specific changes in the infected cell: it becomes pale in color and 
than normal. Suppling of the infected cell, known as Schutfner s granu «, app 
about the same time, becoming more marked as the parasite grows. ese £ 


are not always seen but may be accentuated by overs taming- 

When the asexual cycle is three-quarters completed, at about i 0 ' 


the 
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nucleus of the trophozoite divides for the first time. The parasite has then grown 
to be as large as the normal red cell, or larger. Successive divisions follow rapidly 
until maximum division (12 to 24 daughter nuclei) has occurred. Scanty granules 
of pigment appear in the cytoplasm of the older trophozoites, becoming clumped 
in an eccentric position in the mature schizont. 

Gametocytes may be found at any time during the course of vivax infections, 
usually appearing during the first few days of illness. They arc rounded in outline, 
as large as or larger than the normal red cell, and show heavily pigmented cyto- 
plasm with a single chromatin mass. Immature forms, less heavily pigmented, are 
easily confused with old trophozoites. The red cells containing them are enlarged 
and stippled. Recognition that these forms are gametocytes is essential so that the 
diagnosis will not be confused with quartan in which the asexual stages are heavily 
pigmented, 

Plasmodium Malarias in Thin Blood Smears. The outstanding features in this 
species are the compactness of the parasites and their heavy pigmentation. The 
infected red cell is not altered in size or appearance; while granules (Ziemann's) 
have been described, they arc seen only after special staining All forms of the 
asexual cycle may be found in a single blood smear. Again, the rings arc of little 
help in species diagnosis; of the three common species, they arc middle-sized. The 
growing parasites show little ameboid activity, the cytoplasm remaining compact 
instead of sprawling. This compactness results in deeper staining of the cyto- 
plasm in the fixed smears. 

The growing trophozoite and young schizonts may be seen stretched out 
across the red cell in a "band” formation; this is characteristic of this species al- 
though it may be encountered in growing trophozoites of Plasmodium falciparum. 
Pigment appears early in the trophozoite stage and is coarser and darker than 
that found in P. vivax. Again, the trophozoite grows for about three-quarters of 
the 72-hour cycle before the nucleus divides. The mature schizonts show 6 to 12 
nuclei, often arranged in a geometric pattern with the dumped pigment centrally 
placed, the so-called “rosette” or “daisy head.” 

The gametocytes are usually found later in the course of the disease than is 
seen in Plasmodium vivax. Round or oval in outline, they arc readily confused with 
old trophozoites because of the heavy pigmentation of these asexual forms. Pig- 
ment m the gametocytes is more likely to appear as rods or bars rather than a$ 
granules or clumps. The sexual forms arc smaller than the corresponding ones in 
P. vivax. 

Plasmodium Falciparum in Thin Blood Smears. The outstanding feature of this 
species is the presence of rings only or of rings and gametocytes in the usual blood 
specimen. While the sexual forms, often called “crescents” because of their shape, 
differ markedly from those of all other species, they do not appear in the blood 
until about 10 days after the onset of fever and are of little or no help in the 
diagnosis of the acute illness. When rings and crescents arc both present the diag- 
nosis of clinical illness must still be made from the asexual forms; the young 
trophozoites may belong to another species, a mixed infection being present. 
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The absence of all maturing asexual forms is the first suggestive character in lit 
speaes; however, any heavy infection may show an occasional schiaon, an, I ,1 
asexual stages may be present in ovenvhelming parasitemia. The very yoanj 


trophozoites are delicate and smaller than those of vivax and quartan 7fccZ7 
Double-nucleate forms are frequently seen, the nuclei being symmetrically placed 
and smooth m outline rather than broken. Two, three, or more parasites are vet, 
often found in the same red cell, the frequency being determined in part by the 
total number of parasites present. The chromatin nucleus has been described as 
lying outside the ring of cytoplasm in contrast to Plasmodium vivax where it a ia 
or within the circle. The young parasites often appear to be attached to the ex- 
ternal surface of the red cell, giving rise to the descriptive terms “marginal," 
accole, and applique. While the infected ceil is not enlarged, red and ir- 
regularly shaped dots called “Maurer’s spots” are very occasionally seen, again 
emphasized by overstaining. 

About the time the trophozoites begin to lose their ring shape the infected red 
cells arc lost from the circulation. Older forms found in placental smears, in ma- 
terial obtained by biopsy or at autopsy, or rarely in blood smears show the early 
presence of fine granules of black pigment. The schizonts are small with delicate 
nuclei and a dark, prominent pigment mass; they may resemble those of quartan, 
being differentiated by the number and size of the merozohes. The gametocytes 
have been variously described as sausage-shaped, banana-shaped, and crescentic. 
Their centrally placed nucleus is surrounded by pigment granules. 

Plasmodium Ovale. This species was named from the oval or tear-drop shape 
of the infected blood cells. The asexual cycle is completed in 48 hours, and the 
infection in man is reported as more benign than vivax. Because of resemblances 
to vivax and quartan parasites in the blood smears, it may be necessary to follow 
the complete asexual cycle, taking repeated specimens. The infected blood cell « 
enlarged and shows a granulation similar to Schuffners, possibly coarser 


darker staining The growing parasites show ameboid activity and sprawling 


cytoplasm. The mature schizont resembles that of quartan in having 6 to ^ 
nuclei, but it is a larger parasite. The gametocytes cannot be differentiate 
those of Plasmodium vivax. l 

Plasmodium Knowlesi. While this parasite is not likely to be cncountcre ' ^ 
out previous knowledge of the species involved, a few characters may c ‘ * 

The trophozoite shows a nucleus which appears to be surrounde y 3 * 

Band forms are frequently found. The mature schizont contains 6 to xncto 

usually 8 or 9. , . „ c _, r .. s dug' 

Gametocytes. The sexual forms arc of little assistance tnma mg ocCa . 

nosis. Immature gametocytes, closely resembling old trophozoites, 
siottally found in blood smears, usually developing in capi n clot> K 

organs. At times it may be necessary to differentiate bel» * for 

and the macrogametocyte of the same speaes. ^ sumlM *cJ 

quitoes ,s being studied. The important differential features m y 
as follows: 
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Microgam etocyte (Male) 


Macrogame tocyte ( Female ) 


Smaller in size. 

Chromatin diffuse, pale, cen- 
trally placed 

Cytoplasm pale, sometimes 
greenish, often almost color- 
less. 


Larger in size 

Chromatin compact, more 
deeply stained, often eccentric 
Cytoplasm stained a more 
definite blue. 


Summary op Diagnostic Ffatures in Thin Smears The diagnosis of the three 
common species of malaria may be reached by answering a senes of questions as 
the stained smear is examined: 

Does the growing parasite enlarge the infected red cell? 

Are granules or stippling present in the infected cell ? 

What stages of the parasites are found? Arc gamctocytes present? 

How frequently is there more than one parasite in the same red cell? 

What is the maximum number of nuclei found m the schizonts? 

How often do you find double-nucleate rings? 

What is the outstanding feature of the cytoplasm? Sprawling? Compact? Bands? 
How early does pigment appear and what is its color and amount? 


Key to Human Plasmodia in Thin Smears 


1 Only very young ring trophozoites present; no enlarge- 

ment of the infected cell, no stippling of the infected 
cell 

Older forms of the asexual cycle or gamctocytes present 

2 Parasitized red blood cell enlarged, or, parasite with markedly 

ameboid cytoplasm, or, infected cell with Schuflner’s 
granules; or, schizont larger than normal red cell and with 
more than twelve nuclei 

Without any one or any combination of the above features 

3 Mature schizont with 6 to 12 nuclei arranged in ''rosette” or 

“daisy-head" pattern, or, trophozoite with compact, heavily 
pigmented cytoplasm, or, with pigmented cquatonal-band 
trophozoites or young schizonts 
Without any one or any combination of the above characters 
and, in addiUon, ere scent- shaped gamctocytes present, or, 
parasiuzcd red blood cells showing Maurer's spots 


Plasmodium species* 
2 


Plasmodium vwax 
3 


Plasmodium malanac 


Plasmodium falciparum 


Thick Blood Films. The thick blood film is a preparation in which a relatively 
larger quantity of blood is placed on a small area of the slide. The hemoglobin of 
*fn such slides the technician can never Ik sure that any report other than "positive for 
malaria parasites'' is correct. The commonly accepted procedure is to make such a report and 
request an additional smear to be made in about eight hours. Treatment started immediately will 
have no appreciable elTcct in that length of time. If the parasites of the later smear show no 
development, a diagnosis of Plasmodium falciparum is justified In addition, certain other features 
give lining evidence dial P fjlciparum is present. These may be called percentage characters— • 
the) may and do occur in other species, but much less often than in P. fJcipamm An observation 
of one feature is interesting, two make a strong impression, and three or more almost a certainty. 
These characters are. (1) presence of a large number of parasites and only nng forms. (2) mul- 
tiple infection of the red blood cell, (3) double nucleate trophozoites where both nuclei are round 
and neither appear* to be a fragment; and (4) “applique” or marginal parasites 
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the icci ceils is removed in ,l,c staining procedure, rendering the film mnsesrat. 
7, “™ f’ r,,lc 'i’ aI stenetures of the parasite, the red nucleus o, nuclei and A, 

blue cytoplasm, must he K en before identifying an object as a parasite. 71c 
nucleus stands out proroimuly and appears more compact than in the ttuti 
T/tc cytoplasm varies in shape and shade of blue according to the species and the 
stage of development. As the rings of young trophozoites collapse, the cytoplasm 
forms a tail of blue which may or may not be visibly attached to the chromatin 
Barely the ring form WiU persist, sometimes appearing as a broken ring but more 
commonly as a blob or dash of blue. Various descriptive terms have been applied: 
swallow form when there is a dish of blue on each side of the nucleus; '‘comma” 
form when the cytoplasm becomes a curved thread; and “flagstaff* form uhea 
there is a dash of Woe extending from a red dot. The delicate cj roptasm of 
Plasmodium falciparum may be barely visible and often appears to be less in 
amount than the nucleus. Tire pigment has the same appearance as in thin smears, 
white cells containing pigment and having diagnostic importance arc occasionally 
seen* (See Plate VII.) 

The differential diagnosis of species is best made from the older asexual forms; 
diagnostic features and characters will usually be found when many parasites can 
be observed. Shadows or skeletons of red ccflr and Schufinet's granules may be 
found occasionally in vivax infections. Young trophozoites are no snore diagnostic 
than they arc in dun smears. Plasmodium vivax and P. malunae rarely, if fits, 


Table 52 

SvWMr op CiMXArrrm i* Thick Buxw Piun 


j P VUJX 

P. malanae 

P, falciparum 

Stage* of devel- 
opment usually 
present 

All form/ 

All forms 

Only n/igt or nog* »"i act' 
cents 

The )oUng iroph- 
ozones 

Largest of the \iwec 
species; heavier chro- 
matin dot-, cyto- 
plasm in strings tad 
blobs 

Medium-sized, nucku* 
may he as large as 
wvax. cytoplasm 
compact, close to 
nucleus 

Smallest of the tfuce species, 
small chtwnatist dor, /"- 
gently double. c> tophi* 
delicate, dose to 

The older tropho- 
zoites 

1 

< 

Masses and blobs of 
light blue, sprawling 
cytoplasm , often ar- 
ranged in triangle 
| and “Y** forms 

A single blob of com- 
pact. deep -Staining 
cytoplasm; heavily 
pigmented; usually 
rounded 

wta <w*i, f “* 
umdly ■!.««>! w “•? 

pigment - 

Schizonrs 

i Irregular in outline; 12 
or more nuclei when 
mature; pigment yel- 
low to brown, ec- 
centric 

Regular m outfit"; 12 
or lest nuclc< when 
mature, often in ro- 
settr form; rig^ cnt 
dark brown, central 

parasite and n<«** p «“ 
sneftt prominent, ** 

black 

Gamctocjtes 

Spherical, pigmented, 
similar to old troph- 
ozoites 

Spherical, pigMcntcd, 
similar to old troph- 
ozoites 
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show only rings so that observation of many parasites becomes important. When 
difficulties are encountered in species diagnosis the margins of the blood film 
should be searched; here the parasites arc less distorted and resemble their ap- 
pearance in the thin smears. Gametocytes may be more confusing than helpful; 
crescents may be seen on end or folded over and may be mistaken for trophozoites 
or schizonts of P. malariae. Vivax or quartan macrogametocytes cannot be dif- 
ferentiated from the mature trophozoites of these species; the microgamctocytes 
are distinctive in their relatively large nuclei, more deeply stained than in the 
thin smear, surrounded by light-staining or colorless cytoplasm containing the 
typical pigment granules. 

Fallacies Various objects may be mistaken for parasites in the stained prepara- 
tions Blood platelets, especially when overlying a red blood cell in the thin smear, 
are the cause of many errors. All thick films will show platelets, debris, and the 
distorted nuclei of white cells. Rounded objects may take a red tint from the stain 
and, to add to the confusion, may be on or near a mass of blue. Dust particles, 
spores, bacteria, and other artefacts may reach the microscopic field through dirt 
on the skin, unclean slides, or contaminated water. An object should not be called 
a parasite if it can be interpreted as an artefact Unless the parasite is very 
definite, others should fie seen before a positive diagnosis is given. 

Concentration and Cultivation. Attempts to concentrate the plasmodia in 
human Wood have not been attended by any great degree of success. The Bass- 
Johns technic (1912) which depended upon centrifugation and recovering para- 
sites from the bottom of the leukocytic layer has been modified by taking the 
blood and spinning down the parasites with the cellular debris. This latter method 
has been utilized in attempts to concentrate parasites for vaccines and preparation 
of antigens. For diagnostic purposes, no concentration technic surpasses the thick 
blood film. 

Recent attempts at cultivation of the malaria parasites have shown more 
promise than ihe former method of Bass (1912). By carefully controlling environ- 
mental conditions, BJ.l n al. (Report to the National Research Council, 1944; 
1945) have succeeded in carrying parasites through several asexual cycles; they have 
been partially successful with human species. The value of such research projects 
lies in the information to be obtained regarding the physiology and metabolism of 
these parasites. P. falciparum has recently been cultured in scrum (Btack, 1945). 
There arc also reported attempts, some successful, in cultivating the exo^rythro- 
cyuc stages of bird malaria in tissue cultures (Hawking, 1944, 1945). 

Complement Fixation. The presence of antibodies m malaria has been demon- 
strated and repeated attempts have been made to utilize these for diagnostic pur- 
poses. Coggcshall (193S) obtained a positive complement-fixation reaction using 
VlatmoJium \nawlesi parasites as antigen. Other investigators have utilized ma- 
terial obtained from bird plasmodia and from the human species. The reaction ap- 
pears to be group specific, an antigen from the plasmodia of birds or monkeys 
giving positive reactions with human sera. Positive reactions appear several days 
after the primary attack and may continue for several months after the parasites 
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**»«**« >>JZZaTn ' slidcs are ranovcd XlZZ'S* ,ic: ,ak 

should remain three m Thln smears may be dipped in ? d ,n 3 s «ond 

“sr sSirrr-'^®"- 

auJi®r”h ? s “' k '’“-n - ‘“ffi",™ h r C 2,2ZT d 

b W h ' f th for SOme tlmc before sw.n,ng ’ * “P'aial/y useful when slldt! la , c 

£w*ss ^ t Bru bc &cd * *-*» 

“ donc > “"= ”™« be taken to protect the MAO* H“? fc 00 ,hc sMt 11 *■ 
Only the thin smear is flooded with methvl X^Z 'S !mcar is bm * ■“<■• 

water before the slide ,s immersed in the stlLlI ^I " “ C " !’ wa ? hc< i ° ff >™h bufccd 
or stained, unless desired uniil rf S ° T^ C **“ n smear ma / he made 

Wnght-Giemsa (Wilcox National ij ^ " tht l "‘ cl bIm " as b " n "™'” d 
preparation. Two Cm. Cieinsa are l' j 0F H “ L ™ B “ UEn, ‘ », 15«)t 
in a water bath at 55" to 60 s C and stir J °° ? ' sIj,£tnn by " ca, “>S the nurture 
■00 ml Wright's stain solution mnde w TV “cTT ‘Z W ' T ° ^ ara adJtJ 

and aged. After allowing to stand J ° fl poivdcr in 1000 mI * mcth >' 1 a,coh ° I 

films or filed diin a lmears S °!?c'nh‘ ! d‘ l “ ,Cd ’ 9 ' V “ h buff " cd wa " r ' Tht dnri lWtl 
stain After staining for 10 mining 3 sta,n, "S dlsfl and covered with the diluted 

are removed washed for on C S j Um ,S dus ^ ed ^ rom the top of the dish; the slides 

Field’s Stain T'* 7 * « rCady f ° r —nation when dry. 
dissol * - . EPARATION Tw ° solutions of stam are rem..r~i. c,.„ tl0n A is made |,y 

in 50 sodium phosphate 

bath. ‘ ryncss m a water 

read^for'filterin^a'r^" "as U™ 

sodium nbomhif 5 5 J olut,on B ls prepared by dissolving 50 Cm. anhjdrous di- 
distillpd w f P if and ,j 25 Gm “hydrous potassium phosphate, monobasic, in 500 ml 
thrn o ' dit 1 ® Gm. eosin the solution is allowed to stand for 24 hours, 

then it is filtered and ready for use 

.. j^ AINING , Thick films need not bc so thoroughly dry as when stained by Giemsa. The 
s are ipped in Solution A for one to five seconds and then washed in dean water 
tor a tew seconds— until the stain ceases to flow from the film and the slide is free of 
s am, en t ley are dipped into Solution B for one to five seconds and again rinsed in 
c ean water for a few seconds When dry, they are ready for examination. 

recautions. All glassware used for making stain and for staining should be reserved 
exclusively for that purpose Glass slides should bc clean and free from grease. Ne w 
slides are preferred, but old slides that have been used only for blood are satisfactory. 

New slides should be prepared for use by washing in mild soap solution and hot water, 
they should be rinsed thoroughly in tap water and dried after washing with 95 per ccfl * 
alcohol The stock solution of stain should be protected from dirt and moisture. At the 
end of the day, staining dishes are emptied and nnsed with methyl alcohol, followed by 
clean water and then buffered water. 

Parasite Densities. The number of parasites in the blood may be determined in various 
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ways. An estimate of the relative density may be obtained by observing the number in 
the average microscopic field of the thick blood film. If such a procedure is used it must 
be assumed that the blood films are fairly constant in thickness. The parasites may also be 
estimated by their ratio to the white cells in the thick film, again assuming that the num- 
ber of white cells is not subject to extreme variation. 

Enumeration of the parasites is most easily done by using the ratio of parasites to the 
actual number of blood cells When parasites are numerous their ratio to red blood cells 
is used, this ratio is obtatned from the stained thin smear and the actual number of red 
cells, determined from blood obtained at the time the smear was made When parasites 
arc less numerous the ratio of parasites to white cells is determined in the thick film and 
the white cells counted in blood obtained at the same time. This method giv es the num- 
ber of parasites per cu. mm of blood, just as blood cells are reported. 

Ratio. 4 parasites per white cell 
White cell count: 4800 per cu mm. 

Parasite density: 19,200 per cu. mm 
Ratio. 1 parasite per SO red cells 

Red cell count: 4,000,000 per cu mm. 

Parasite density: 5 0,000 per cu mm. 

It is also possible to count parasites directly, as blood counts arc made If a known 
volume of blood is placed on a known area of a slide the depth of the blood can be com- 
puted After this blood is lakcd and stained, parasites can be counted m each microscopic 
field. By calibrating the microscope the volume of blood covered by each field can be 
determined. 

Autopsy Material. Postmortem examinations may be necessary to establish the diagnosis 
of infection with Flasmodtum falciparum. Smears are better than tissue sections for this 
purpose and should be made from liver, spleen, bone marrow, and gray matter of the 
brain Such preparations may be stained with Wright's or fixed with methyl alcohol and 
stained with Giemsa. 

In fixing tissue for secUon, formalin should be avoided; it produces a pigment which 
may be confused with that of malaria and causes the parasites to stain poorly. Zenker 
fixation is recommended for most tissues infected with protozoa 

Zenker's Fluid 

Potassium bichromate 2 5 Cm. 

Mercuric chloride 5 0 Cm 

Water 100 0 ml 

Just before using, 5 0 ml glacial acetic acid arc added 

Lendrum (1944) has suggested fixation in an aqueous solution of 2.5 per cent potassium 
bichromate and 5 per cent mercuric chloride for six hours; the tissue is then transferred 
to 5 per cent mercuric chloride. 

ExflagcUauon. The change from microgamctoc> tes to microgamctcs, normally 
occurring in the mosquito, may be duplicated in die laboratory at room temperature. 
The blood must be prevented from dotting or drying, best accomplished by placing a 
heavy dun smear in a Petri dish containing moistened filter fwper Gametes usually 
develop within 30 minutes, increasing atmospheric carbon dioxide by breathing on the 
preparation hastens the process. The smears arc dried and stained by the usual methods. 
Accidental distortion of the gamciocytcs may be found in curated blood which lias been 
standing for some time at room temperature 

Dissection of Mosquitoes for Malaria Parasites. In selecting mosquitoes for dissection, 
use of those containing recently ingested blood and those in which the abdomen is 
distended by fully developed ovaries is avoided. Recently engorged mosquitoes will 
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WO Exflagellatillg nncrogamctocjte of Plasmodium max. (Right) 
Oiicjsis of Plasmodium max on stomach of mosquito. (Photomicrographs 
(/f/l) X 1200, (right) X 150 ) 


show a dark, swollen area in ihe ventral abdominal region; these may he kept tn tubes 
with moist cotton plugs or in huinid cages lor -IS hours to allow digestion of the blood 
meal. When it is necessary to examine mosquitoes that have recently fed, the abdomen is 
carefully pricked and the blood squeezed out. 

The mosquito is killed with chloroform and the species identified. Then the legs and 
wings are removed from the body with sharp dissecting needles The head and thorax 
are separated front the abdomen by a clean cut with a razor blade and the former » 
transferred to a second slide on which a drop of saline tinted with methjlene blue hu 
been placed 

stomach The slide containing the abdomen is placed on a black background »» 
illuminated with strong direct light. A large drop of physiological saline is added ano, 
with needles, the integument is nicked on both sides just in front of the terminal seg 
menu Then one needle is placed on the terminal segments and the other on t e 
integument at the anterior end By gentle traction, the stomach is drawn out vu ^ 
attached Malpighian tubules and ovaries The excess saline is removed with a P° ,nl ® 
filler paper and the stomach freed from the attached organs. With the microscope, ^ 
stomach may then be examined in fresh saline under a coverglass. Oocysts are oun 
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the outside of the stomach wall, appearing as protrusions which \ary from 6 to SOp. in 
size A positive diagnosis should not be made unless pigment granules are visible within 
the objects, as small protrusions of the stomach wall or fat cells may simulate immature 
oocysts It must also be remembered that it is not possible to distinguish between bird 
and human malaria in the mosquito 

sxvwxxv tUktOis Under a dissecting microscope, the bead aiwl thorax an. arranged on 
the slide with the head to the right. The thorax is held with a needle in the left hand 
and the head is drawn down and forward 
with the right. Usually the salivary glands will 
come out in a tag of tissue attached to the 
head They may be recognized by their trt 
lobcd form, shining appearance, and tint from 
meth)lene blue absorbed from the saline, if 
they are not extracted when the head is re- 
moved they may be recovered by tearing apart 
the tissues near the neck attachment. After 
isolation, the glands may be mounted under 
a coverglass Slight pressure will rupture them 
and release the sporozoites. Under the high- 
power lens the sporozoites are slender, spindle- 
shaped bodies They may be stained with 
Gienna or Wright's stain after allowing the 
saline preparation to dry, under the oil immersion Uns the blue-stained spindles with 
a centra] red chromatin dot arc found to be 12 to Up long 

Flagellates of Blood and Tissues 

The most important flagellates of man are those that live in the blood and 
tissues, the hcmoflagellatcs. Diseases caused by these parasites arc second only to 
malaria in incidence and importance in parts of India and China. Certain areas of 
Africa have been rendered almost uninhabitable by epidemics of sleeping sick- 
ness While only occasionally seen outside the endemic areas, infections caused 
by these parasites have occurred in some military personnel returning from 
World War II. These diseases constitute an important part of tropical medicine, 
and the individual working in parasitology should become familiar with their 
epidemiology and diagnosis. As in malaria, there is an alternation between a 
vertebrate and an insect host m the hit cycles. 

Classification- Parasitic protozoa of the class Mastigophora and belonging to 
the family Trypanosoroidac Doflein, 1901, arc primarily parasites of insects, some 
bating become adapted to vertebrates or plants. Tins family includes six genera, 
only the two using vertebrates as their definitive hosts being of medical im- 
portance 

Lafhmanij Jonovani (Laveran and Mcsnil, 1903). 

Ltifhnunfo tropica (Wright, 1903). 

IxnhmuniJ brauhenus Vianna, 1911. 

Trypanosoma gambtense Dutton, 1902. 

Trypanosoma rhojenense Stephens 3nd Fanilum, 1910. 

Trypanosoma crust Chagas, 1909. 
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of the geneva U ftamma . CrUUdla, and Herpetonon's Involve .* 
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Movphoiogy. The forma assumed by the various species differ deving « 
hfc cycles m the differem hosts or under laboratory conditions. Descriptive tumet 
are used k,r these iorros and are readily confused with some of the above generic 
names. The forms or stages are four in number, and it will be noted that all 
species exist as flagellates at some time. 

Table 54 lists the species of the hetnoflagellates and the forms wh.ch develop 
in the life cycle of each. 

Table 54 

Morphologic Forms 



Leith- 

Leptamonad 


Trypanosomd 


mutual 


Metacychc 

Mature 

L donovani 

L. tropica 

L brasihetmt 

Mao 

Insect 




T gambtense \ 

T. r/todesiente [ 



Insect 

Insect 

Man 

T. cruzt j 

Man 

Man 

Man, insect j 

Insect 

Man 


leishmanial coRM. i iu& is tne usual icucaccuuiar stage touna in 
brate host infected by Letshmama or Trypanosoma ouzi. The organism is round 
or ovoid and has no free flagellum. Well-stained specimens show a nucleus, para- 
basal body, and blepharoplasr. 

Leptomonad Form. This stage is found in the insect host and in cultures e 
parasites of the genus Lmshmania. It may occur as an intracellular stage of T. 
ertizi. The organism is elongated and flattened with a free flagellum arising from 
the anterior end. . . 

Crithidial Form. Parasites of the genus Trypanosoma develop this stage in ut 
invertebrate host and in cultures The parabasal body and the blepharop 3S ^ 3 ^ 
just anterior to the nucleus and give rise to a short undulating membrane. w,t 
without a free flagellum. 

Trypanqsomal Form. This stage, found in parasites of the genus ^ 

exists in two phases: the metacyclk phase (infective stage) is foun ^ 
vertebrate and the mature phase in the vertebrate host. The parabasa ^ 
the blepharophst are located between the posterior end of the organism ^ 
nucleus, giving rise co a long undulating membrane. Those that vary in s 
size are called polymorphic . 

LtisiiMANiA Jtscaief 

Parasites of the genus Leishmanta Ross, 1903, produce three 
differentiated by the organs or tissues involved. Visceral leis !n( y a 3B i 

caused by Letshmama donovani, is an important disease o 
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CRITHIOIAL FORM 



Morphologic form* of the hemolLgellitei 


is also found in Africa and South America. Some American servicemen have 
contracted the disease (Wand 3nd Kruger, 1947). A closely related disease of the 
Mediterranean region, more common in children, is sometimes ascribed to a 
separate species, L. infantum Nicollc, 1908; most parasitologists consider this 
designation to be a synonym for L. donocani Two types of cutaneous infections 
occur in separate parts of the world: oriental sore or cutaneous leishmaniasis, 
caused by L. tropica, is prevalent in the Near East and the Mediterranean region; 
espundta or mucocutaneous leishmaniasis, caused by L. brasiUcntis, is almost ex- 
clusively confined to Central and South America; recently an autochthonous case 
has been reported from Texas (Stewart and Pilcher, 1945). 
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Life Cycle. Available information regarding the life histories of the parasites 
this genus indicates that they are much alike. In some areas of the wodd, Ua- 
azar is associated with a closely related disease of dogs, and oriental sow is fre- 
quently encountered as a natural disease in them (Malamos, 19*1?). Other mm 
mats, especially wild rodents, are implicated as reservoir hosts. The vertebrate « 
usually accepted to be the definitive host with sandflies of the genus Phlehotamut 
serving as intermediate hosts and vectors. Certain features regarding the transmis- 
sion by Phlebotomus flies in nature still remain to be clarified. The epidemiology 
of espundia indicates that a flying, biting insect is involved in the transmission of 
the parasite; a reservoir host other than man is not known. 

The leishmanial forms in the mammalian host are ingested by the biting insert. 
Under laboratory conditions, these develop into leptomonad forms in the gut of 
the vector, multiply by longitudinal fission, and later return to the insect's phaiyav. 
U is believed that the infective forms are introduced into man when the fly again 
feeds. The parasites lodge in macrophages (reticulo-endothel/al cells) of dw 
definitive host where they multiply fay binary fission of the leishmanial forms 
When crowded with parasites, the cells rupture and free the ieishmsaU to inude 
new cells. Circulating parasites and those in skin lesions are available to die 
feeding insect. Since the etiologic agent of kala-azar may be recovered from the 
upper respiratory tract and from the feces, direct contagion must be coaswere 
as a possible means of spread. Cutaneous lesions may also be infectious. 

Prophylaxis. Prevention of leishmaniasis is accomplished by control o c 
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LIFE CYCLE OF LEISHMANIA DONOVAN1 



insect \cctor (see Medical Entomology). Dogs known to harbor the parasites 
should be destroyed since they arc very resistant to treatment (Adler and Tcher- 
nomoritz, 1946). Human eases with infectious cutaneous lesions should be isolated 
and all infections treated. In hypcrcndcmic areas inoculations of cultures of 
L. tropica have prosed to be valuable in preventing disfiguration from oriental 
sore (Ansari, 1946). 

Clinical Illness: Kala-azar. The incubation period is variable, usually con- 
sidered to be a few months. The onset is gradual or sudden and the disease runs 
an acute, subacute, or chronic course. Characteristic features include an irregular, 
recurring fever, leukopenia, and enlargement of liver and spleen, any of which 
may be confitscd with symptoms of malaria. The parasites may invade the intestine, 
resulting in ulcers, secondary infection, and dysentery. The disease may become 
recurrent or chronic with persistent fever, emaciation, pigmentation of the skin, 
and intcrcurrcnt infection resulting in death. Post-kala-azar skin lesions may 
develop. 
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XSSric- i- ■- «— - 

commg ulcerated and crusted. 


S';;;r d and — ■ 

Foaf Y ^"^~; Lx^^^r™ i ta r“' un ' 

eventually heals. About 20 P per cent of ^ u*' **“ “ ° ricn . tal sorc ’ tut 
of the mouth, nose, or throat suancit' l 1 ™ ICnt * sh °' V subsc£ l ucnt unohemcm 
Extensive ulceration and mutilation devdopT'tCpLIcmf ^ ‘ h ' “ g "'' S “' 

an 'eifjzszxz- iDkct>m ^ 

On the other him! f ■ L th SamC or S an,sm or infection with L. tropica. 

With only the same’spccTes. 0 " ^ pr ° dllcc! a ” “ nm ' mil y » reinfection 

the annronriat ^ .‘J ia ^ nOS ' S of Icis hmaniasis is made from material obtained from 
appropriate sue. Such material may be examined by staining or culturing or by 

,n J cct,on into animals with subsequent autopsy. 
jtl ^ ans,tcs arc occasionally found in the blood of 
Mm P at,cnts w i*^ hala-azar; more commonly it « 

' *%> ;%'*» necessary to aspirate liver, spleen, or bone marrow 

- I ,n or ^ cr to them. Shortt (1947) has ghen an , 

7 excellent critical summary of the methods of drag- | 
« . * 2 * i** a nos,s for kala-azar. In cutaneous leishmaniasis the 

^ , parasites arc found in cells or fluid obtained from 

* ' _ the base or perimeter of the ulceration. The 

f § margins or base may be scraped with a scalpel or 

the indurated border aspirated with needle and 


W 8C:e>:*i 
v. 


kv.-.X 


tjg ^ 

“ — 3 It must be emphasized that these parasites can- 

Leishmamal forms of Leishmania not be distinguished from each other on the basis 
“ S,kin photomicrograph c £ m0 rphologic characters. They are identified as 
Lcishman-Donovan bodies in the direct stained 


Leishman-Donovan bodies in the direct staine 
smear. These are to be found within macrophage cells or the neutrophils and 
mnnnrai^. of 1,1 I . •. i • i < • . • i -1 3 . JiimrtCf. 


monocytes of blood smears. The individual parasite is ovoid, 2 or 3p in diameter. 
The nucleus, parabasal body, and blepharoplast are visualized with the aid of the 
polychrome stains; the cytoplasm is light blue and the chromatin material red t0 


purple. 

Leptomonad forms are obtained by culturing infected blood or material obtained 
by aspiration. These appear as flagellated forms without an undulating membrane, 
they are often arranged in a rosette pattern With appropriate stains, they s 01 
blue cytoplasm, a red nucleus, and a darker-stammg parabasal body. ^ 

Additional presumptive tests which depend upon biochemic changes w ^ 
blood may also be used. In kala-azar, the formol-gel or aldehyde test is t c o 
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most commonly employed; complement-fixation has recently given very promising 
results (Sen Gupta, 1944; Ghosh ct al., 1945). Dostrovsky and Sager (1946) have 
highly recommended an intracutaneous test with leishmama vaccine in the diag- 
nosis of oriental sore The Montenegro skin test is of value in diagnosing mucocu- 
taneous leishmaniasis (Lopez and Leander, 1945, Cerruti, 1945; Inarte, 1946) 

Trypanosomes 

The hcmoflagellates of the genus Trypanosoma Gruby, 1843, are divided into 
many species, three of which may infect man These species of medical importance 
are limited in their geographic distribution and are divided into two groups 
which differ in the forms encountered in their life cycles, in their vectors, and in 
other aspects of epidemiology. African trypanosomiasis, or sleeping sickness, is 
caused by two species, Trypanosoma gambiense of West Africa and T. rhodesicnsc 
of East Africa. An interesting discussion of the relationship of these species to 
the closely related T. brucet is given by Fairbairn and Burtt (1946). American 
trypanosomiasis, or Chagas’ disease, caused by T cruzi, is found in parts of 
Mexico and Central and South America. 

In addition to those listed above, several species arc found in other vertebrates; 
a few of these are listed 


Species 

Definitive Hosts 

Vector 1 

Distribution 

Disease 

T brucex 

Domesuc animals, 
wild game 

Tsetse flies | 

Africa 

Nagana 

T letvm 

Rats 

Fleas 

Cosmopolitan 

None 

T cqtttperdum 

Horse, ass 

None (by 
coitus) 

Cosmopolitan 

Dourine 

T evanst 

Domestic animals 

Horseflies 

Cosmopolitan 

Surra 
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African Trypanosomiasis: Life Cycle. Man is an important reservoir of infe. 
lion, wild animals, especially the antelope, also serving in this capacity. Ttypano- 
somes which are circulating in the blood of the definitive host are picked up bj 
the biung tsetse fly ( Glossina species). The parasites undergo development and 
multiplication within the insect vector. At the end of about 20 days, development 
is completed and organisms are present in the salivary glands — an anterior statm 
parasite. Metacyclic forms are injected when the fly feeds again, and the insect 
usually remains infective for life. Mechanical transmission may occur when a fly 
whose proboscis has been contaminated by trypanosomes feeds again within a 
short time. 

The metacyclic forms become mature trypanosomes and multiply within the 

LIFE CYCLE OF TRYPANOSOMA GAMBIENSE 
AND TRYPANOSOMA RHODESIENSE 
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blood and lymph systems of the mammalian host Multiplication Is by longitudinal 
fission, only the trypanosomal form being present. 

Prophylaxis. Protection from the bites of tsetse flics and control of these insects 
.(see p. 701) will present infection Chemoprophylaxis is also available (1.0 Gm. of 
Bayer 205 every two or three months). The reservoir of infection may be reduced 
by adequate therapy of all cases occurring in human beings; eradication of the 
animal reservoir has been used in control of Trypanosoma rhodesiense. 

Clinic \l Illness. African trypanosomiasis is an acute febrile illness which may 
last for months or years, with or without remissions. The bite of the infected fly 
may produce a local inflammatory reaction which persists for two or three days. 
After an incubation period of 10 days to three weeks, sometimes several months, 
a lymphadenitis develops, frequently involving the posterior cervical glands (Win- 
terbottom’s sign). Peculiar skin rashes may develop in white individuals who are 
considered to be more susceptible to the disease than natives. Local areas of edema 
are frequently seen with transitory involvement of hands, feet, orbital region, or 
joints This period of invasion is followed by a second stage which affects the cen- 
tral nervous system, from which the disease derives its name of sleeping sickness. 
The early manifestations may be mild or acute, progressing to marked somnolence 
and emaciation due to starvation. When this stage has been reached the prognosis 
is poor. Trypanosoma rhodesiense causes a more acute illness which may result 
in death within a year. 

Diagnosis The trypanosomes may be recovered from lymph nodes, blood, or 
spinal fluid. Early in the disease, best results are obtained by examination of ma- 
terial obtained from an enlarged lymph node. Later 
the parasites may be readily recovered from the blood 
and occasionally from the spinal fluid These poly- 
morphic forms range from 15 to 30/* in length and 
are not within blood or tissue cells. In fresh blood 
the organisms arc detected by their active movement 
which distmbs the red blood cells The stained 
preparations show the parasite in its flagellated form 
with an undulating membrane usually visible. The 
cytoplasm stains blue with the chromatin red or dark 
red Cultures and animal inoculation may be em- 
ployed when direct examination fails to confirm the 
diagnosis. However, cultures of Trypanosoma gam- 
bicnse and T. rhodesiense arc less satisfactory than 
with the other hcmofljgcllatcs. Fain { 19-14) believes 
sternal puncture to be of some value. 

American Trypanosomiasis: Litl Cvcle. Man 
and other mammals, especially the armadillo and opossum, constitute a reservoir 
of infection. Kcduvud bugs (cone-nose, “assassin,” or “kissing” bugs) serve as the 
intermediate host ami vector. The trypanosomal forms of Trypanosoma truzt arc 
ingested by the insect as it feeds. These multiply in the gut of the insect as crithid- 



Tnpimtuiinal forms of Try - 
panosoma gjmfirnse in periph- 
eral Mood (Photo micrograph 

X Coo ) 
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ral forms and arc found in the feces as metacyclic trypanosomes in about 10 day 
the bug remains infective for life. When the vector feeds, i, deposits feces m 
taming the infective stage of the parasite; the organism is called a fcamonim 
parasite in contrast to those that arc transmitted in the salivary fluid and by th 
mouth parts (anterior station). 

Man becomes infected when the parasites in the feces are rubbed into th 
abraded skin or the wound produced by the bite. The trypanosomes inuA 
tissue cells, assume the leishmanial form, and multiply by binary fission; dnidmj 
trypanosoma! forms are not found in the blood. Th? infected cells are destrajed 
and the parasites are liberated to invade new cells or to become trypanosoma! 
forms which circulate in the blood. 

Prophylaxis. Prevention of infection is accomplished by avoiding the insect 
vector. Although infected bugs are found in the United States, clinical infections 
have not been seen outside the endemic areas. 

Clinical Illness. Chagas’ disease is seen most frequently in children, and in 
the young individual the disease has a more acute form. After an incubation 
period of one to two weeks, a sustained high fever develops. There is often a 
unilateral conjunctivitis or edema of the face suggesting the site of inoculation. 
Trypanosomes arc usually demonstrable during the febrile stage, disappearing 
when the temperature recedes. The liver and spleen may be enlarged as well a 
superficial lymph nodes. This acute stage of infection is usually of short duration, 
often terminating fatally in infants and young children. It may be followed by a 
chronic form of the disease in which circulating parasites and fever are absent. 
Symptoms arc related to the tissues invaded and may be unimportant; involve* 
ment of cardiac muscle may cause sequelae or death. The use of T. cruzi a f> iuis * 
cancer (Roskin, 1946) is an interesting development although it is probab y 0 
very little significance. , 

Diagnosis. A diagnosis of American trypanosomiasis may be confirm^ i 
demonstrating the trypanosomal forms in the blood or the leishmanial forms ^ 
tissue. The former are actively motile in fresh blood smears; they average ^ 
length and are characteristically C- or U-shaped when stained. Dividing on 0 


absent. . ^ 

The leishmanial forms may be found in stained sections of many ti 
heart being frequently involved. They are found in colonies or nests w « , acJCfS 
the surrounding tissue cells or fibers. With appropriate stains t e ^ ^ 
are the same as for Leishmanta. The organisms are readi y cu ta ’ ,j] ovv - 
laboratory animals are susceptible. A diagnosis may also be esta is ^ j iseasc _- 
ing a noninfected rcduviid to feed on persons suspecte o av g by 

xenodiagnosis. A complement-fixation test has been reporte 


some workers. Tissue* 

Laboratory Technics for Detection of Flagellates ° f roCt hod A %tT} 
Fresh Blood Smears. Only the trypanosomes may be detecte , J a c0 verslip on ,£> 

small drop of blood is placed on the glass slide and sprea 
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su “ ° ! Aai "“ ,S ' S “ Spcc,cd ™w.al may be injected into 

arc ml t 1 " , 7'” u “; ul ". mtrapcmonca!, or intratenoos router, 
arc most commonly used. 


T gambiense 

T. rhodestense 
T erttzt 

L donoirani 


Rats, mice, guinea pigs, dogs, cats 


Hamsters 


At the end of the incubation penod, blood js examined repeatedly for circulating 
organisms in trypanosomiasis, autopsy material is examined in sections and smears for 
the leishmanial forms. 

Xenodiagnosis. This method is used only for Trypanosoma cruzt infections Laboratory 
reared Tnatoma, free of parasites, are allowed to feed on the pa dent. After 10 da>s they 
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ire examined for metacyclic trypanosomes and the feces injected into rats or mice for 
:onfirmaUon. 

Cultures. The NNN (Nosy, McNcal, Nicoltc) medium has been used for many years 
or the culture of Lash mania and Trypanosoma ertm It has been found that the method 
if Scnchjic (1939) given below it probably better. The procedure includes two media, 
he second being used only when contaminating organisms arc present. 

Dux> 2 > Culture Medium Fifty parts of Bacto beef extract arc dissolved in 1000 parts 
distilled water, the solution is heated at 50* C for one hour, then at bO* C. for five 
ninutet. After filtering, ncopeptonc, 20 parts, agar (Nobel), 20 parts, and sodium 
rhloride (C P ) , 5 parts, are added. The final pi 1 is adjusted to 7.2 to 7 4, and the mixture 
autoclaved at 15 pounds for 20 minutes When cooled to 43* to 50* C , defibnnated 
rabbit's blood, 10 per cent of the volume, is added. The National Institute of Health lias 
modified dus by overlaying the slants with Locke's solution 

Ego-uver Extract. Four eggs arc emulsified with glass beads in a sterile tlask To the 
:ggs arc added 30 ml of a solution of sodium chloride, calcium chloride, potassium 
chloride, and sodium bicarbonate, 0 02 Gm. each, in 100 ml distilled vv aier The mixture 
is emulsified, filtered, made into slants, and sterilized at 10 pounds for 10 minutes. The 
slant is overlayed with sterile 05 per cent liver extract in physiological salt solution. 
Contaminating organisms are removed by alternate transfers from blood to egg-liver 
media The cultures of these parasites grow best at 22* C. 

For Trvuvnosoma Gvmmeme am> T. Rhodesieme (Brutsaext and Henrard, 1937) Five 
ml of patient's blood are mixed with 1 0 ml. of 1 per cent sodium poly ethanol sulfonate 
(Roche) or w ith 1 0 ml of 0 025 per cent solution of hepann This is divided into 10 
tubes, each containing 2 0 ml curated human or guinea pig blood It is incubated at 24* 
to 30* C and examined after 10 and 20 days by making smears from the surface and 
depths of the cells An additional method for the culture of trypanosomes is that of 
Weinman (1944). it is much more complicated and docs not give improved results. 

Serologic Methods: Aloeiivde Test (Napier) for Lmshmama Donovaxi One drop 
of 40 per cent formaldehyde is added to 1 0 ml of patient's blood serum in a test tube; 
this mixture is shaken well and allowed to stand at room temperature If the reacuon is 
positive, the scrum immediately becomes opaque and gels within 3 to 30 minutes. If 
negative, no reaction should occur in 24 hours. Infection of less than four months’ 
duration may produce an opaque scrum which docs not gel, such doubtful reactions 
should be confirmed by other tests. A finger pnek test is also available 

Antimony Test (Chopra) fox Leishmamv Donovaxi. In a small test tube is placed 
0 2 ml whole scrum and in another rube of the same size an equal amount diluted i : 10 
with distilled water The contents of each tube arc carefully overlayed with a 4 per cent 
solution of pcntavalcnt antimony (ureastibanunc) If the reaction is positive a duck 
llocculcnt disc (onus at the junction of the two fluids Reactions which are delayed for 
a few minutes to an hour suggest an early infection. The diluted scrum may give a 
negative reaction in early cases. 

Sia's Test This precipitation test is suggestive evidence of kalaazar In a small test 
tube containing 0 1> ml distilled water arc placed 20 cu. mm. blood The contents of the 
lube are agitated until mixed An immediate clouding of the distilled water indicates a 
positive reaction The time required for sedimentation — 15 minutes to one hour — indicate* 
the strength of the reaction 

CoMPiiMiST mvruiN 1ms. Such tests appear to be more accurate in the diagnosis 
of Trypanosoma sru : i than in other species An antigen prepared from cultures of this 
organism is reported as better than one obtained from infected tissue*. 


CHAPTER 19 


The Intestinal Protozoa 


All four classes of protozoa contain species which may be found m the hunt 
intestinal tract, TCiest will be discussed in the following pages as the amebar, tic 
flagellates, the cillates, and the sporozoans. The incidence of these parasites is to 
fleeted in the report of Sapcro and Johnson (1939) in which 47 per cent of U’l 
Navy men were found infected with one or more species of the intestinal proioiat. 
Em d amoeba colt and Endolmiax nana are the species most commonly present, 
Endamoeba histolytica is found in about 10 per cent of those examined in tic 
United States. 


The Amebae 

The amebae which inhabit the intestinal tract of man are cosmopolitan in licit 
distribution. Only one species possesses proved pathogenicity, and amebiasis, the 
disease caused by this parasite, is one of the more important protozoan infectiotis 
of man. It may be encountered in any region and epidemics have occurred in d> : 
United States; but it is in areas where sanitary conditions arc poor that tie 
infection reaches its greatest prevalence. Amebic dysentery is a common dues* 
in the Tropics and the Orient. 

Classification. The class Sarcodina includes unicellular animals which Jff 
free-living forms, commensal organisms, or true parasites. These prol 02 »aa 
move by means of pseudopodia; of particular interest is the order Amotbi a 
kins, 1902, in which the pseudopodia do not anastomose. Five species may 
encountered in the intestinal tract of man, two belonging to the same 
Endamoeba Leidy, 1879. 

Endamoeba histolytica (Schaudinn, 1903) Hickson, 1909. 

Endamoeba coli (Grassi, 1879) Hickson, 1909. 

Endolimax nana (Wenyon and O'Connor, 1917) Brug, 1918. 

lodamoeba bntschlsi (v. Prowazek, 1911) Dobell, 1919. 

Dientamoeba jragihs Jepps and Dobell, 1918. 

Various strains or races of Endamoeba histolytica have 1 
ferences in virulence. Large and small races are identified 
latter appearing to be less pathogenic in experimental amr 
races of E. cob are also occasionally encountered. ^ coo* 

The nomenclature of the intestinal amebae has been a sU JC £ Cisi- 

troversy. European authors 3ppear to favor the generic nam 


i died for d' ( - 
d>e 


52 * 



THE INTESTINAL PROTOZOA 


525 


grandi and Barbagallo, 1895, to Endamoeba. Since the International Commission 
on Zoological Nomenclature has approved the latter, it has been used here pend- 
ing further action by the Commission. Iodamoeba wtlUamst is a common synonym 
for 1 . butschht and is preferred by some; of the two organisms described and 
given these two names by v. Prowazek m 1911 and 1912, his description and the 
specific name butschht have been accepted. Dtcntatnoeba Jtagtlts has been con- 
sidered by some to be more closely related to the flagellates than to the amebae. 



Schematic three-dimensional representation of a c>st of Endamoeba 
histolytica. 


Morphology. With one exception, the intestinal amebae exist in two stages: an 
active or vegetative stage, commonly called the trophozoite, and an inactive or 
resistant stage called the cyst. An intermediate or precystic stage is utilized in the 
description of many authors. As trophozoites, the amebae are capable of moving, 
feeding, and reproducing; the pscudopodia formed and the resulting motility 
arc often characteristic of the species. Usually a single nucleus is present, t«o 
being found only in D. jragilis and dividing trophozoites Ingested food particles, 
bacteria, and red cells may be contained in food vacuoles visible within the 
endoplasm Kcproduction is by binary fission. Under certain conditions the 
trophozoites become encysted: The animal rounds up, extrudes undigested food 
material, becomes smaller, and loses its motility to form the precystic stage A 
c\ st wall is then secrcied and food is siotcii in glycogen tacuoies or as chwmatoui 
nutter in bars, splinters, or granules. As the c>st matures the food material it ab- 
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sorbed. Nuclear division may continue after the cyst is formed, resulting in from 
one to eight nuclei in the mature cysts of the various species. No L 
been recognized for D. fragilis. 

There may be difficulty at first in visualizing the protozoan cysts as iphericaj 
bodies, although they arc seen rolling across the field in svet preparattons The 
optical section produced by tile microscope reveals only a horizontal plane through 
the cyst; the entire structure is seen by changing focus. In the preceding il 
gram of a cyst of Endamoeba histolytica it 
will be noted that the nuclei as well as tie 
cyst arc spherical. The chromatoid matter 
is in round bars and the glycogen vacuole il 
globular. 

The four genera of the amebae may be 
Characteristic nuclei of genus Endamoeba . differentiated by the structure of the nuclei. 

While these may be visualized in the living 
state in some species, staining is required to bring out the finer details. The 
Endamoeba nucleus has a relatively small karyosome and a layer of chromatin 
granules on the inner surface of the nuclear membrane. In optical section it re- 
sembles a cart wheel, the karyosome forming the hub and the nuclear membrane 
with its chromatin granules the rim. Sometimes lines of fine granules radiate 
from the karyosome to the periphery like spokes of a wheel. The nuclei of the 
species of Endamoeba are quite similar; only when they are faultlessly stained 
before degenerative changes have occurred can they be differentiated with cer- 
tainty. The size and position of the karyosome and the 
deposition of the chromatin granules on the nuclear mem- 
brane arc the important differential points. 

The Endohmax nucleus has a relatively large karyosome 
and no chromatin granules on the nuclear membrane. In 
optical section it resembles the eye, the karyosome being ^ 

the iris and the clear space between Jt and the nuclear membrane t e sc^ 
The nucleus, although essentially the same m both trophozoite and cyst, is 
smaller and appears dotlike in the encysted form. 




Characteristic nucieui of 
genus EndohmaX' 




nucleus of tbophozoite nucleus of ckj 

Characteristic nuclei of genus lodamoeba. 


u * the kar) os0tnC 

The nucleus of lodamoeba is much like that of Endo ima , ^ u an <j the 

is usually larger and a layer of small chromatm granules !•« ^ ^ cccen , rl e 

nuclear membrane. The karyosome in the cyst is o ten a ppcara« c - 

position, lying against the nuclear membrane to pro uce 
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The Dientamoeba nucleus has a karyosome made up of granules ananged m 
a circular or tetrad pattern. As in Endohmax and 
lodamocba, there arc no granules on the membrane. 

Life Cycles and Transmission. The life histories 
of the amebae are very simple when compared with Characteristic nuclei of genus 
those of parasites previously discussed Man is the ' '' e: ' “ 

principal reservoir host; parasites identical with or closely related to Endamoeba 
histolytica have been demonstrated in naturally infected monkeys, rats, dogs, and 
pigs. No intermediate host is required, but insects, especially the filth flies, may 
serve as mechanical vectors. 

The preferred habitat of the intestinal amebae is the colon. Here they usually 
live m the lumen of the bowel, causing the host no annoyance. Endamoeba 
histolytica may invade the bowel wall and produce ulceration and dysentery; the 
invading trophozoites may be carried to other parts of the body by the blood 
stream. The parasites feed upon the contents of the fecal stream and multiply by 
binary fission of the trophozoite stage. In dysenteric cases, E histolytica charac- 
teristically ingests red cells; this has also been reported for E. colt when bleeding 
is present from other causes. 

With normal bowel activity, sufficient time elapses for encystment to take 
place before the parasites are discharged with the feces; thus cysts predominate 
in formed stools, trophozoites being more often found m the presence of diarrhea. 
The cysts passed in the feces arc the infective agents for new hosts. Those of 
Endamoeba histolytica arc susceptible to drying but remain viable in water for 
several weeks The trophozoites arc fragile animals and quickly die unless kept 
moist and at the osmotic pressure of tissue fluids. Although experimental infec- 
tion has resulted from feeding trophozoites to laboratory animals, this stage rarely 
succeeds in reaching a new host and would normally succumb in the gastric se- 
cretions. The method of transmission of Dientamoeba fragihs, for which only the 
trophozoite stage exists, is not known. 

Man acquires his infection by ingesting food and drink contaminated with 
feces containing the mature cystic stage. Since trophozoites predominate in 
liquid stools the individual with clinical dysentery is a lesser hazard than the 
infected person passing formed stools which contain cysts These carriers or 
"cyst-passers” constitute a large reservoir of infection and are often the direct 
source of new cases. Serving in various capacities, especially as food handlers, their 
cysts may reach the food or drink of others. Ivanhoc (1943) has emphasized the 
importance of direct contact. Transfer may be through uncooked vegetables which 
have been fertilized with human excreta or washed with polluted water. Epi- 
demics have been traced to contaminated drinking water; such water is rendered 
potable only by satisfactory fihraiion or chemical treatment which leaves a 
residual chlorine of one part per million at ihc end of 30 minutes. Finally, (lies 
may carry the infective stage front fcccs to food. Cysts of E. histolytica have been 
recovered from the droppings of flics 4S hours after feeding on infective material. 
The ingested cysts pass unharmed through the stomach anJ some distance down 
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Ttf intest * na ^ tract > probably to the lower ileum, where exeystation takes pbce. 
The ameba escapes through a pore in the cyst wall and grows and divides to form 
a colony of trophozoites. 

Clinical Illness. Infection with Endamoeba histolytica may result in clinical 
disease or in an asymptomatic carrier state. Only a minority of those ndccte 
develop definite pathologic states and but a small percentage of these show serious 
illness. However, clinical symptoms may later develop in persons who are fl ottr 
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carriers and the asymptomatic infection may be transmitted to others and produce 
illness. For this reason, all persons with demonstrable infection should recei\e 
specific treatment. 

Amebiasis must be differentiated from other types of dysentery and should be 
suspected in any chronic disturbance of bowel function. It has been mistaken for 
malignancy of the colon; surgical interference due to an error in diagnosis leads to 
a poor prognosis. 

Dientamoeba fragtlts has been incriminated as a cause of intestinal symptoms in 
rare cases, always in the presence of unusually heavy infections (Knoll and Howell, 



N«t of trophozoites of CnJamocba histolytica in 
intestinal wall (Photomicrograph X * 200 ) 


19-15; Perry, 1947). As this organism docs not invade tissues, its pathogenicity is 
debatable. /. butschlu may invade tissues in rare instances (Derrick, 1945). 

Amebic Dssenterv. Named from the predominant clinical feature, amebic 
dysentery may assume an acute or chronic course. The incubation period may 
\ary from one to several weeks, followed by the dcsclopmcnt of diarrhea of in- 
creasing severity. The stools arc copious and may be numerous, with increasing 
amounts of blood and mucus; abdominal tenderness may be localized, tenesmus is 
usually absent, and fever and toxemia arc nuld or absent. The disease tends to 
develop a chronic course accompanied by weight loss — the walking dysentery. At- 
tacks of constipation may alternate with diarrhea. Characteristic ulcerations arc 
produced in the lower ileum and the colon, the sigmoid and the cecum being 
fas or tic sites. 

Amllic Courts (without Duu<mr). Symptoms arc variable in character and 
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that may inhabit the intestinal tract of man. In comparison with the parasitic 
flagellates previously discussed, these organisms have multiple flagella and may 
or may not have an undulating membrane. Each of the fisc species belongs to a 
separate genus and family. 

Gmdtalamblia Stiles, 1915. 

Chilomastix mesnili (Wenyon, 1910) Alexeieff, 1912. 

Trichomonas hominis (Davaine, 1860) Leuchart, 1879. 

Enleromonas hominis da Fonseca, 1915. 

Retortamonas tntestinalis (Wenyon and O’Connor, 1917). 

Enleromonas hominis and Retortamonas intestinalis are only rarely cncccz:rrr«= 
the other three species occur with sufficient frequency to require their r.~ccae 
identification. Kirby (1945) has shown the common intestinal tnchomomJ 
five flagella and has suggested that it belongs to the genus PenUtncisstinsr- 
Morphology. With the exception of Trichomonas hominis, these age ! — »• 
exist as both trophozoites and cysts; trichomonads arc found only is tr.'tciiassa*- 




roJium coh in 
■(■micrograph X 


d man, therefore, 
in the feces. The 
■bitat in the bowel 
iv by binary fission of 
a animals temporarily 
,ng separate individuals. 
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Parasitology 


=~ - *-^rS 5 s; 5 fS“ 


suincd .pccimcns, although T,uL„„„, '‘T'" 8 '" “ a,urcs art rablc in tJj . 
futures which differentiate ,h c JcTcW ‘t P ° 0I,y - ^ ‘>™ =■'*> pj« 

SiEr ° f ^ 

w ihgdC o ,t« tcZrzZci^c ^ undcd * «j to 

nLrr^ 

pear-shaped with a single nucleus.' n^. IT ■ and ‘>‘« arc 

P iTr COnfUSi0 " Witl> P^'togemc, organisms” 2 ' ° ‘ * C,< “ rf tflC!c t '™ ! P™ 
ami normally havl &S 'f ' prcfcr a mt ‘ ,i ”i 

to present in the duodenum” W <****“-* 

cysts discharged in the feces are rhe • / ^ ' As W “ h lhe amcbac ' ,bc “ sm 

tost, exeystauon occurs a“d ^liSS’LT' * *“ ” 

longitudinal fission Th , , ^ trophozoites establish a colon/ by 

known; £ merer The ° £ ° f *«— « *-*» * - 

serving as the infective stage. ” unusuaJ, y resistant and may be capita of 

nrnb “ ° f m “ C,> ,CSS “©■«“»« than amebiati,. Large 
organism ha I ‘ tolMatmy be found in certain cases of diarrhea, for nkieh tie 

Sit, r! ted "* ai °‘°* ic ^ 'to band, some 

i“ B “ K 'to tncrdcncc of such d, a, rhea is no higher in those »h» 
svm , ’ 7* ' 7 <ha " “ ‘ ll05C " h ° d ° not < Mwu > and Me Kinney, 1 916). Other 

• , . f 1/1 ect, °^ delude varying degrees of functional disturbance. From 

cs ruoiwt m the duodenum, the parasite may reach the gall-bladder (Lang, 1945). 

CC * C lSCOVer 7 a specific therapeutic agent (atabrine), there appears id be 
no question that symptoms are due to the presence of this flagellate; in most 
instances the infection is entirely asymptomatic. The other intestinal ffageUates 
are nonpathogenic. 

Other FiageJfares. Two other species of the genus Trichomonas arc par asife< of 
man: T, vaginalis Donne, 1837, usually considered pathogenic, and T. max (O.F. 

Muller, 1773) Dobell, 1939, a commensal organism of the human mouth Oofy 
the vegetative stage is recognized and transmission from host to host requires 
contact sufficiently direct to transfer the viable trophozoite. These trichomonads 
show only slight morphologic differences when compared with T- homtnts 7. 
vaginalis is larger and has four anterior flagella and a short undulating membrane; 
it has no free posterior flagellum. 

Trichomonas vaginalis is associated with a specific vaginitis accompanied by a 
profuse and irritating discharge; the vagina 1 mucosa becomes inflamed and con- 
gested. The flagellate m3y also be found m a chronic urethritis in the male. Ssc 
tertal infection is frequently present and may initiate or aggravate the s) m P tornS ' 
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The Ciliate 

Only one ciliate is parasitic in man. This organism causes a specific disease, 
balanttdtasis, infrequently seen but producing ulcerative lesions of the colon and 
lower ileum and having a relatively high fatality rate The disease has recently 


Trophozoite and cj»t of Balantidium coll. 

been successfully treated with stovarsol (Dias Allies, 1943) and carbarsonc 
(Tsuchiya and Kcnamorc, 1945). The infection may be encountered in any part 
of the world. 

Classification. Most of the protozoa of the class Ciliata (Infusoria) arc free- 
living aquatic forms The single species found in man belongs to the order lletero- 
tnchida, differentiated from others by the ar- 
rangement of the cilia around the cytostome. 

Related species are found in other animals. 

Balantidium coh (Malmsten, 1857) Stein, 

1862. 

Morphology. Balantidium coli is a large 
protozoan, 50 by 70/i, barely visible with the 
naked c)c. The trophozoite is oval in shape and 
covered w ith cilia which are in constant motion 
when the animal is alive. Cysts arc less com- 
monly found, they arc smaller than the tropho- 
zoites and spherical in shape 

Life Cycle and Transmission. Ciliatcs 
identical with those infecting man arc com- 
mon parasites of hogs and may be found in monkeys. Hogs and man, therefore, 
serve as a reservoir of infection, passing the infective cysts in the fcccs The 
ingested evsts release active trophozoites which select a habitat in the bowel 
where the environment is fluid or semifluid. Reproduction is by binary fission of 
the trophozoites. Occasionally this follows conjugation, two animats temporarily 
fusing and exchanging nuclear material, then again becoming separate individuals. 



Trophozoite of tUanuJium coli in 
intestinal wall (Phnii.micrograpb X 
300) 





PARASITOLOGY 

Clinical Illness. The trophozoites of BalantUiitm coti may pcnanic the in- 
testinal mucosa with resulting necrosis and ulceration. This is accompanied by 
secondary bacterial infection, the ulcers extending laterally and penetrating the 
deeper layers of the intestinal wall. Hemorrhage and inflammatory exudate result. 


The Sporozoans 

In addition to the malaria parasites, other sporozoans may infect man. Only one 
is an intestinal parasite, and this organism, Isospora hominis (Rnota, 1878) 
Dobell, 1919, is rarely or questionably pathogenic 
for man. However both Liebermann (1945) and 
Humphrey (1946) report cases in which they be- 
lieve this organism caused definite pathologic 
lesions. Closely related organisms are common in 
dogs and cats. A second sporozoan, EimcriJ 
stiedae , is a parasite of the rabbit, and it, or a 
closely related species, has been repotted as in- 
fecting man in a. few cases. 

These two parasites belong to the order Coc- 
cidia. The protozoans of this group have life cycles 
similar to that of malaria but with the alternation 
of generations within the same host. Both sexual 
and asexual cycles develop in epithelial cells. Spo- 
rogony continues outside the body of the host 
when the oocyst is passed in the feces; ingested 
spores rupture and liberate sporozoites which invade the cells of the new host. 



Sorcoeystis in muscle tissue. 



Unicellular Oocyst SporobtasU JJJ IS^" 1 

Oucjsts of Isotpou hoiumi' (Redrawn from Dobdl and O Connor, 19 


Parasites of Uncertain Relationships ^ 

Sarcocjstis. This organism in man may be identical with ' one or mo ^ ovCfC j n 
genus found in other animals. Infection m man is aS> ™f r sts ' (Micscher'* mix*)" 

autopsy. The parasites encyst within striated muscle as 
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elongated tubular bodies containing spores. Tlie life history is unknown, but mice may 
be infected by feeding them spores. The work of Spindler (19-45) indicates that this 
organism is a fungus and not a protozoan. 

Toxoplasma. This is a protozoan not 
readily classified. Infection in man is uncom- 
mon, usually seen in joung infants in whom 
it produces an encephalitis The parasites are 
found at autopsy in the reticuloendothelial 
cells where they superficially resemble Leish- 
nijnu or Sarcocyiltf The organisms maybe 
demonstrated in impression smears stained 
as for malaria. They may be isolated by in- 
jecting suspected material into albino mice, 
guinea pigs, or rabbits. Antibodies may be 
delected by neutralization tests or comple- 
ment fixation. Toxoplasmosis has recently 
assumed greater importance owing to the discos cry of a number of cases in the United 
States (Weinmann, 1944; Heath and Zuelzer, 1945; Callahan, 1945; Miller, 1947). 

Diagnosis of Intestinal Protozoa 

The gross and microscopic appearance of the stools in acute djscntcry is of 
saluc in differentiating amebic from bacillary infections. In amebic d)sentcry the 
stools arc usually fluid, rclattscly copious, and contain fecal material, much blood- 
streaked or brownish mucus, and \ar)ing amounts of fresh or altered blood which 
S"'« ihcni a darh-broiin or reddish color. They arc often fetid. This contrail, 
ss.tli the scant), ssatcry, nonfreal hostel mosemenrs contaminj masses of tshhc 
mucus llechcd lull, b,i £ ht.rcd blood in the bacillary t) P e. Mieroseopi tally the 
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amebic stools show mucus and numerous red ceils, often clumped and degenerated, 
but very few pus ceils or phagocytic cells which arc numerous in bacillary dysta. 
tcry. The white ceils which are present mostly show cytolysis and consist of sem, 
ragged cytoplasm surrounding pyknotic nuclei. Charcot-Leyden crystals are highly 
suggestive but not pathognomonic of amebic dysentery, being found in other con- 
ditions which produce bowel hemorrhage. 

A diagnosis of infection with intestinal protozoa is confirmed by demonstntic’ 
the specific organisms in the feces, in tissues, or in material from other soared. 
Primary interest centers around the identification of the pathogenic species which, 
however, must be differentiated from the nonpathogenic forms which they «• 
semblc. Trophozoites will be found in liquid or mushy stools, being generally 
absent in the formed feces. Those of Endamoeba histolytica may be recovered fioa 
the flecks of mucus adherring to the formed stools, in material aspirated ot draw- 
ing from an amebic abscess, from the base of specific ulcers, or m sputum when 
there is pulmonary involvement;- cysts are not present in such material Sig- 
moidoscopy and proctoscopy in the hands of trained investigators often yield 
valuable results (Cropper, 1945; Rail, 1946). Because of their normal habitat in 
the duodenum, trophozoites of Giardta lamblta are usually seen only Jfl d* 
presence of diarrhea. 

The cysts are often of more aid to the diagnosis than the trophozoites; in 
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presence of diarrhea it may be necessary to reduce bowel activity in order to ob- 
tain cysts from which to make a diagnosis. On the other hand, catharsis may be 
necessary in order to recover Dientamoeba fragilis and Trichomonas hommis 
which exist in only the trophozoite stage. 

In searching for the protozoa it is usual to start with a fresh smear of the feces 
or other material which may contain them. This is examined as a wet preparation 
made in isotonic solution to detect the characters of living trophozoites and cysts. 
Having demonstrated the presence of protozoans and some of their features, ad- 
ditional information may be obtained by using an aqueous smear and an iodine 
stain Final confirmation and details are developed by a fixed smear stained with 
1 ron-hunatox) li n Laboratory procedures which depend upon concentration tech- 
nics or stained smears exclusively lose the benefit of some of the characters seen 
in the living forms. Culture methods arc advocated by some workers (Lucas, 
1945) Roentgenograms may show early evidence of amebiasis (Hodcs and Mam- 
moscr, 1947). 


Trophozoites and Cysts in Isotonic Solutions (The Normal Saline Smear). 
Under low magnification (16-mm. objective) and in isotonic solution the living 
trophozoites of the amcbac appear as highly rcfractile, shining bodies varying 
from the size of the smallest pinhead to that of a buckshot The 4-mm. objective 
discloses the dear, homogeneous ectoplasm and pseudopodia', the granular endo- 
plasm and sometimes a nucleus can be seen. 

The cytoplasm of the cysts is less granular 
than that of the trophozoites; the cyst wall 
often has the appearance of a steel wire in 
optical section. Cysts arc more refractilc 
than trophozoites Their smooth outline and 
colorless appearance, at the most tinted 
faintly blue or green, under low power marks C>st» of Endamoeba coh m iron bcmi- 



thcin as protozoans. 

Trophozoites of the flagellates and the 
ciliatc arc recognized by their motility. 


tox/lin-normal saline smears, (Ltjl) Note 
high refrictihty anil faultlessly smooth 
C}it wall (Right) Noie nuclei. (Photomi- 
crographs X 150 ) 


Their cysts resemble those of the amcbac in 


ihcir smooth outline but are somewhat less rcfractile. Additional specific features 
which may be visible have been described under morphology. The oocyst of the 
sporozoan is highly rcfractile with characteristic shape and double wall. 

Having identified the presence of trophozoites or cysts, these may be examined 
further for specific diagnostic features 


Sizl. Cysts of each species arc more uniform in size than the trophozoites. 
Either may present a rather wide range, but the majority of any species vanes 
only 2 or fy. The exception is Endamoeba hisiohttca, trophozoites ranging from 
8/i, small race, to an avcrjgc of 24/s in dysenteric cases. Balantidium coh is above 
the range of the other intestinal protozoa. (Sec Tables 55 and 56.) 

Sitvrt. The ameba trophozoites present vanous contours, depending upon their 
pscuJopudia! activity, the shapes of the flagellates and the cihaic arc often dug- 
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Table 55 


Sue of Trophozoite* 


Small 

(under 10*) 

1 Medium to Small | 
[ (10-12*) 

Medium ' 

(12-14*) 

large 

(IS or more a) 

B histolytica 

1. but sC hilt 

E. histolytica 

E histolytica 

(snull race) 


(nondjscnteric) 

(dysenteric) 

! 

\D. jragths 

C. memih 

G. lamblia 

; E. coh 


Table 56 


Sizf of Cut* 


Small 

(under 10*) 

Medium 

(about 12 m) 1 

Large 

(about IS*) | 

Venable 

(6-16*) 

E histolytica 

1 E histolytica 

E. coh 

/ bulletin 

(small race) 

1 (large race) 



E nana 

l E coh (small) 

I 


C niesnih 

[ G limbha 




nostic. Many of ihc cysts luvc a characteristic shape which aids in their identifica- 
tion, especially when considered with size ( see Table 58, p. 541). 

Motility, The motility most commonly seen in the amebae consists © ap- 
parently purposeless extensions and retractions of ectoplasm in various l ^ ct ‘° n ' 
These pseudopodia may be tonguehke, crescent-shaped, budding, or kno i • 
two instances the pseudopodial activity ^.distinctive and of diagnostic vj i w- ^ 
the tonguclikc, explosive pseudopod giving a progressive directiona ^ 
Endamoeba h.stolytica; (2) the thin, fanltke pseudopod wtth s atp 
points of D, entamoeba lengths. In the type of mo, titty described « ■ „ 

directional crawl” there is a rapid succession of <r«o p Ir,srn ,c P r °J" ^ ^ 
one dtreetton. The animal becomes elongated end Tsbbml ' dcb[i> ; s frequently 
advancing and a posterior dragging end to which a brus f 
attached. As the ectoplasm advances the endoplasm flo when tta 

these motions become so lively that the action appears c wi)h ltI y 

type of mottlity is seen it identifies the trophozoite as . > s , ugglI h and 

rare cxcepc.ons; E. ecli may rn.ua, e this movement b„ J moria ^ 

rarely directronal. Endolmax nano, Iodamoeba butschlf, 

show little or no progression or are never „ Jlima „e for «ch 

The motility of the common flagellates an CUamatUa w' t! 

meat of the body. 
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Visible Structures and Inclusions. Internal structures may be visible in both 
trophozoites and cysts, and from them a diagnosis may be made. The nucleus of 
the Endamocba colt trophozoite is visible; it is rarely so m E. histolytica. Troph- 
ozoites of Giaidia, when immobile, will show nuclear rings, the axostyle, and 
the tail; those of Chilomastix show the spiral grooie encircling the body; Tri- 
chomonas may be identified by the lashing flagella and the 'undulating membrane. 
The cilia, contractile vacuole, and kidney-shaped macronucleus of Balantidium 
coli are diagnostic. Ingested erythrocytes may be considered diagnostic for E. 
histolytica, to avoid confusion with the rare ingestion of red cells by E. coli the 
diagnosis may be confirmed by the characteristic motility or by the identification 
of cysts. The endoplasm of E. histolytica does not contain ingested bacteria and 
food particles which are usually seen in other ameba trophozoites There arc 
also minor differences such as the uniformity of the endoplasm of E. histolytica 
and us thinness In Dicntamocba fragilis, but there are many exceptions to these. 

The cysts also present structural features of diagnostic value. When nuclei can 
be seen their number may aid in species diagnosis; only Endamocba colt has more 
than four. Most important arc the chromatoid bodies found in about one-half of 
the cysts of E. histolytica. These appear as highly refractile rods or bars with 
smooth or rounded ends. In contrast, chromatoid bodies arc much more rarely 
found in E. coli and appear as strands or bars with splintered ends. In the absence 
of chromatoid material, living cysts of small race E. histolytica and of Endolimax 
nana are indistinguishable. Cysts of lodamoeba butschlii show a clearly defined 
glycogen mass and clusters of volutin granules. Those of Giardia have a narrow, 
clear space between the cyst wall and the encysted animal; in addition, nuclei, 
fibrils, and rods are visible within the cytoplasm. 

While it is always well to confirm by staining, a posime identification of species 
can be made from living trophozoites and cysts by an experienced technician as 
follows: 

Endamocba histolytica: 

Trophozoites with ingested red blood cells. 

Cysts containing rod-shaped chromatoid bars. 

Endamocba coli. 

Cysts containing more than four \ isible nuclei. 

lodamoeba butschlii: 

Cysts containing a visible gl) cogen "ball.*’ 

Dicntamocba jragdis: 

Trophozoites when motile. 

The flagellates and cthatc: 

Trophozoites showing typical shape and motility. 

C)sts showing typical shape, size, and visible structures. 

Trophozoites and Cysts in Hypotonic Solutions (The Aqueous Smear). 
Smears made with hypotonic solutions may be used to distinguish rounded-up 
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Table 57 


Dietilamoeba 

fragtlu 

Trichomonas 

hominis 

Giardia 

lambha 

Chtlomasttx 

mesmlt 

Balantidium 

colt 


1 Size 

1 ( in microns) 

“f l-IVING Tsi 

Shape I 

(at rest) j 

(Range <>-40 
1 (see text) 

Rounded 1 

1 Range 12-30 
| (average 20) 

, Rounded I c 

| Range 6-12 
_ I (average 8) 

Rounded 1 gj 

Range 6-20 
_ (average 10) 

Rounded 

Range 6-18 1 

_ (average 12) | 

1 Faultlessly ~~ ^ 

spherical x 

| Usually l„ s | 

--i! 

Ovo,d 



Range 12-15 l( 

^one-shaped Visit 

me 

I Average 50 X 70 I O 

l,al St'ld 

wai 

ole 


•j l , a « c u«Ml crawl. 

_ blood cclis i "cW' endoph 
uggish; broad pseudopodu. K 
nucleus; “dm/ 1 endoplasm 

Jglifcc; not progressive. Nucleus a 
visible 

I Not projrc.uvc; nudtui mcl, 


■'oat 7d~Z7 ‘ r £ ° r t mCr d «“>' d Th ' diit^- 

a useful method f •A^-c* ex P oscd to reduced osmotic pressure prow'cicl 

d,i 2h “ L r 0f , ,d T' !ca “ 0n - thc *« ^ — made with «p Let./ 

distend Th j ^ 3CC Unc ^ cr l ^ e microscope the trophozoites have begun to 
other inrl C ^j, ° P 3Sm beconics t * un > lusterless, and transparent. Bacteria 2 nd 
ilium in USI ° ns ccomc clearly visible; the nucleus or nuclei can be seen with good 
• , 3 l0n as u y refractile discs. The distention terminates in 1 to 10 minutei 

an exp osive rupture of the ectoplasm and expulsion of its contents. The 
ectop asm t en, like a rubber ball, quickly regains its spherical form, remaining 
intact or several minutes. Some particles, and occasionally a nucleus, may remain 
within the shell (Hakansson, 1937). 

The aqueous smear is routinely used to eliminate blastocysts. Afany fecal speci- 
mens contain this vegetable organism, and it is the source of much annoyance acJ 
many mistakes. The blastocysts distend and disintegrate in the h>potonic solution 
leaving a clear field for protozoan cysts that may be present; some do not rupture 
immediately, but all quickly lose their luster and can be readily differentiated 
from the refractile cysts. 

Trophozoites and Cysts in Stains (The Iodine Smear). Iodine is u«d 10 
stain the chromatin material of the nuclei and the glycogen; it kills both ttoph o- 
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Table 58 

Characters of Living Cist* 


1 Are 

**"" (■» menn ,) 

Shape 

Other Diagnostic Features 

Endamoeba 

histolytica 

Range 5-16 (av- 
erage 8 or 12) 

Round 

Chromatnid bars, rounded ends Nuclei 
rarely visible 

Endamoeba 

Range 10-30 
(average 17) 

Round 

Chromatoid material rarely seen. More 
than 4 visible nuclei 

Endoltmax 

Range 6-10 
(average 8) 

Oval and round 

None 

lodamocba 

butschltt 

Range 6-16 
(average 10) 

Odd shape* or 
rounded 

Definite glycogen “ball ” Clusters of 
volutin granules 

Dtentamoeba 

jragdts 

No cysts 

Trichomonas 

homtmt 

No cysts 

Ctardta 

lamblta 

Average 
(8 by 12) 

"Football" 

(round, on 
end) 

Clear space inside cyst wall Fibrils, rods, 
rings 

Chdomastix 

mesmli 

Average 8 

Lemon-shaped 

Nipple-like thickening Nucleus and 
fibrils not visible 

Balantidium 

coh 

Range 50-60 

Round 

Thick double wail Kidney-shaped mac- 
ronuclcus visible 


zones and cysts. Such staining frequently fails to bring out the finer details on 
which the species of amcbac arc differentiated, merely showing the number and 
arrangement of the nuclei. The nuclei of young cysts of Endamoeba histolytica and 
E coh may be obscured by the more densely stained glycogen. Iodine will arrest 
the activity of the flagellates and the ciliatc, aiding in the visualization of these 
trophozoites; otherwise, it is of aid in identifying only: 

Endamoeba histolytica, large race — Cysts (nuclei). 

Endamoeba colt — Cysts (nuclei). 

lodamocba butschln — Cysts (glycogen ball). 

Trophozoites and Cysts Fixed and Stained (The Iron-Hematoxylin Smear). 
While the oil-immersion lens is of little value in wet preparations, it is essential 
m the examination of stained smears. As stained with iron-hcmatoxyhn the de- 
tails of the nuclei and other structures may be observed The glycogen is lost in the 
staining procedure but the vacuole remains. This is a permanent stain and produces 
the licit differential characters, summarized in Table 59 and discussed in detail in 
the following pages The organisms retain the shape described for the living 
forms; size is reduced slightly owing to shrinkage in fixation. 
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Endamokba Histolytica. Two races or strains of this ameba are recognized: a 
large race, cysts averaging 12/i, and a small race, cysts averaging 8p. Trophozoites 
may be found in liquid stools or in mucus. Immature cysts are almost adusnefy 
uninucleate. 

1. A trophozoite from a nondysc/itcric case (“carrier”). The chromatin granules on 
the nuclear membrane arc uniform 

2. A trophozoite in amebic dysentery, although there are no ingested red cells Th 
parasite is over 16p in length. The small Icaryosome is centrally placed. 

3. A giant trophozoite containing ingested red cells in various stages of ahsoipvor 
The nucleus is characteristic 

4. An immature, uninucleate cyst (a very common type). The chroroatoid matter i 
scattered and the outline of the glycogen vacuole is visible. 

5. An immature, uninucleate cyst with a large nucleus and a definite glycogen ucudlt 
(a very common type) Note that the nucleus is nor crowded by the vacuole, Chromatoid 
grains are scattered around the periphery of the cyst 

6. An immature cyst in which the nucleus is dividing (rare). 

7. An immature cyst with two nuclei (rare). The glycogen is less definite but <M 
chromatoid matter is forming into bars and chunks. 

8. A tnnudeate cyst, one nucleus being larger than the other two (rare) A single 
chromatoid bar with rounded ends is present 

9. A mature, quadrinudeate cyst (a very common type). The glycogen has been 
absorbed, the nuclei arc characteristically placed. The chromatoid bar is diagiwtK 

10 A mature cyst with characteristic nuclei and chromatoid bars (a very comm 
type). Note the vacuolization. ^ 

11. A mature cyst, larger than the average for this species. The chromatoid matter 

been absorbed. ^ 

12. A trophozoite, small race. The granules on the nuclear membrane are om 

the small Icaryosome centrally placed. « 

13. An immature, uninucleate cyst, small race. There is a large amount o 

matter, the best diagnostic aid in the small-race cysts definite 

14. An immature, binucleate cyst with chromatoid bars The g!) cogen is n 

as seen in the large-race cysts. ^ c(W f 

}5 A mature, quadrinudeate cyst with two chromatoid masses, one s«n^ 

16, A mature, quadrinudeate cyst an which the chromatoid matter as 




4 5 6 



7 . 8 9 



12 13 14 15 16 ' 

LnJ-hmtl j fitiioI)lia, bra*in:i made (mm actual ipccimcm ubamctl in iron hrmatoxjlm 
lUirn.J, Scliaudmn lucj, Itul inican. 
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’ In tiUS SpCacs tlK characteristic immature cys, is binudeatc ,Lr 



that of E. histolytica is uninucle- 
ate. Ninety-five per cent of the 
cysts of E. coli arc either two- 
nucleate or eight-nucleate, the pre- 
dominating number depending 
upon the consistency of the feces 

I, 2. Two trophozojtes, about 25 
or 30fi long respectively. The I aiyo- 
some is large and eccentrically 
placed; the chromatin granules on 
the nuclear membrane are deposited 
irregularly. The endoplasm is pro- 
fusely vacuolated and dirty with 
visible food inclusions. 

3. An abnormally large, uninucle- 
ate, immature cyst (rare). The glyco- 
gen vacuole is large and conspicuous. 
Many authorities prefer to call dus 
form a precystic stage. 

•}. A young bmuclcate, immature 
cyst, about 17 p in diameter (rare). 

5. The characteristic immature, 
binuclcate cyst (a very common 
type). The nuclei assume diametric 
positions, crowded against the cyst 
wall by the glycogen vacuole. Scat- 
tered chromatoid granules surround 


End amoeba coli Drawings made from actual sped- ' acu< ^ C 

mens observed in iron-hematoxylin stained, Schau- 6. An immature, quadrinucieatc 

dmn fixed, fecal smears. cyst ( rare ) The nuclei, each of «*»» 

must undergo another dins™»^ 

much larger and more centrally 'placed than in the quadrinucieatc cyst off hut i> [ 

7. An immature five-nucleate c[st (rare). The three larger nuclei must undergo ano 
division. 

8. An immature, six-nucleate cy*t (rare) The two larger nuclei have not 
final division. The majority of the ghromatordal material has been absor c , 

in immature cysts of E colt 4 j 

9. A mature, eight-nucleate cyst (¥ common type) The spindle-shaped, sharp ypo 

chromatoid bodies are distinctive forp- c °h . , . 

10 A mature cyst with fiiamcntoi ^hromatoid bodies, commonly seen m 

11. A mature cyst with only a small *l cc ^ chromatoid matter remaining 

type). *‘ f - 

12. A mature cyst without chromatoid m a» ' ( 3 ' cr 7 common 
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Table 59 

Iron-hematoxylin Stained Protozoa 


Spend 

Diagnostic Features 

Endamocba histolytica 

i The histolytica nucleus. Trophozoites with invested red cells, 
“clean" cytoplasm. Cysts with 1 to 4 nuclei, 1 and 4 pre- 
dominant, chromatoid bars with rounded ends 

Endamoeba coll 

The coll nucleus Trophozoites with "duty" vacuolated cyto- 
plasm Cysts with l to 8 nuclei, 2 and 8 most common, 
chromatoid splinters with sharp ends occasionally seen 

Endohmax nana 

The Endohmax nucleus Trophozoites uninucleate, may re- 
semble lodamoeba butschht except for size. Cysts with 2 or 

4 dotlikc nuclei 

lodamocha buttchlu 

The lodamoeba nucleus Trophozoites may resemble E nana 
except for size Cysts with the vacuole of the glycogen ball 

Dirntamoeba fragihs 

The Dientamoeba nucleus. Only trophozoites present 1 or 2 
nuclei 

Ciardu lambha 

Trophozoites binudeatc, cysts quadnnudeate Visible flagdla, 
axostyle, blepharoplast, and parabasal body 

Chdomatttx mesndi 

Trophozoite with visible flagdla and spiral groove Cysts uni- 
nucleate with visible fibrils in shape of safety pin 

Trichomonas hommu 

Only trophozoites Visible undulating membrane, flagella, and 
axostyle Often stains poorly 

Balantidium colt 

The Balantidium nucleus Trophozoite with visible cilia, eyto- 
stome. Cyst with double wall 
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Emdoumax Nana. This is a small ameba, both trophozoites and cysts being 
wuhm the size range of 'Entamoeba histolytica , small race. The cysts have no 
chroma toid bodies , and usually more than half of them arc oval in shape. 

_ ^ trophozoite with a large, prominent haryosome. The nuclear membrane is not 

visible, The small, black granules are ingested microorganisms lying in food vacuokt 

2. An immature, uninucleate cyst (rare). 

3. An immature, bimic/eate cyst (rare). The haryosomc of one nucleus is split. 

4. An immature, trinudeate cyst (rare). Note ovoid shape. 

5. A mature, quadrmucleate cyst (a very common type). The nuclear membrane a 
faintly visible. Oval cysts seen on end will present this rounded shape. 


Iodamobba Bt/rscuui. This amcba is generally larger than Endolimax nana, but 
smaller than End amoeba histolytica, large race, and E. colt. The trophozoite may 
appear exactly like that of E nana, but this is of little importance as neither is 
pathogenic. The c/iagnost/c nucleus is brought out by staining, lo- addition the 
cysts show a sharply defined glycogen mass and dusters of volutin granules, and 
are of irregular shape. 


6, A trophozoite. The black granules in the endoplasm arc food inclusions. 

7, A young cyst with a characteristic glycogen vacuole and volutin granule* (a 
common type). 

8, 9. Two cysts of different size and shape (common types) They show the 
basket'hke nucleus formed by the eccentric karyosome and the opposing gran ar ay 
Glycogen vacuoles and clusters of volutin granules are present in both. 


DrsNTAAfOEBA Fracius. This amcba has a wide range in size, only trophosoi 
being found. From 20 to SO pee cent arc binucieate forms. 

10, II. Uninucleate trophozoites. The fcaryosomes are made up of distinct grants 
in triangular and one m circular pattern. 

12, 13. Binucieate trophozoites The nuclear membrane is visible hi one 

Endamoeba Gingivalis. Only trophozoites are found. The nuc/eui tifjf . P 


real ol 
filed 


.E.NDAMOEBA UINGIYAUS. uuj'ou4'">w , InohsiJl ‘S 

the genus, mure closely resembling that of Entamoeba colt. e *jV jnatcrial* 
with food vacuoles containing dark-staining bodies from mgeste 
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Endohmax nano 
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Iodamoebo butschhi 


o 


v 9. 



II. 12 

Dicntamoeba fragihs 
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w- 



15. 

Endomoeba gmgtvchs 
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Flagellates: giardia lamblia. This pear-shaped flagellate has a \ery disdnethe 
appearance. The organelles are in pairs and arranged symmetrically. The tropho- 
zoites (1 and 2) are more complete than those usually seen; flagella may or miy 
not be visible. All have two nuclei. Cysts (3 and 4) have four nuclei arranged in 
pairs at the anterior pole. The fibrils and curving rods, parts of axostyles and 
flagella, may resemble the lacing of a football. 

chilomastix MSSHiu. The body of the trophozoite (5) appears as a long cone; 
the spiral groove is often visible. The nucleus is vesicular and contains a small 
karyosome. Flagella are not always seen. The lemon-shaped cyst (6) has the wall 
at one end thickened into a nipple-like structure. The nucleus resembles that of 
the trophozoite. Visible fibrils may be described as assuming the shape of a 
safety pin. 

trichomonas HOMiNis and t. vaginalis. These two trichomonnds arc scry simi- 
lar, showing only minor differences in shape and morphology. They often stain 
poorly, making it difficult to recognize the undulating membrane and the number 
of flagella. Only trophozoites occur. 

Ciliates: balantidium coll The cilia of the trophozoites are usually visible in 
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the stained smears. When properly rotated the cyiostome can be seen. The large 
nucleus with its characteristic shape is always visible; the micronucleus may be 
obscured. The cyst has a very thick wall; the macronucleus remains visible. The 
characteristic shape of the nucleus may be lost in tissue sections. 

Trophozoites and Cysts Demonstrated by Other Procedures. Only tropho- 
zoites arc found in tissues; rarely do those of Endamocba histolytica show ingested 
red blood cells. Again they are identified by the Endamocba nucleus and the 
granular endoplasm. Cysts obtained by concentration technics may be examined in 
wet smears and after fixation and staining. Most of the protozoa may be culti- 
vated on suitable media A complement-fixation test has been developed but has 
limited diagnostic value. 

Related Protozoa. The procedure for the diagnosis of protozoa of the mouth 
or genitourinary tract is the same as that for the intestinal protozoa. The organisms 
arc found in a fluid medium and it may or may not be necessary to dilute this 
material. Endamocba gingivalis must be differentiated from E. histolytica in the 
sputum by characteristic motility, appearance of the endoplasm, and nuclear 
structure. The demonstration of flagellates in vaginal or urethral secretions is 
usually sufficient for the diagnosis of Trichomonas vaginalis. 

Objects Resembling Intestinal Protozoa. Dlastocystis hominis is present in 
many stools, especially those that arc mushy. Under the low magnification used 
for searching the wet smear, blastocysts arc extremely difficult to differentiate from 
protozoans; they may be confusing under the imm objective. The majority, 
however, have a more greenish tint than true cysts. They consist of a central 
structureless mass surrounded by a clear hyaline layer containing refractile granules; 
the latter arc important identifying features. Even when stained, blastocysts may 
cause mistakes as the darkly stained granules may appear like nuclei or chromatoid 
bodies. 

In the presence of pus cells no object should be identified as a trophozoite of 
Endamocba histolytica unless it is moving. Macrophages may he especially con- 
fusing since they superficially resemble rounded-up vegetative forms of amcbac. 
They arc commonly present in the mucopurulent discharge of bacillary dysentery 
and may lead to a serious error in diagnosis. Polymorphonuclear and smaller pus 
cells arc usually not mistaken for amcbac in the wet smears. The segmented 
neutrophil with several nuclear rings may be easily mistaken for a cyst when 
stained. Epithelial cells arc less confusing. 

Yeasts occur in several forms, the commonest being a small species, 4 to 6p long 
and ovoid in shape. They may be mistaken for cysts of Endolimax nan a in wet 
smears. 

Homogeneous cysts arc rounJcd in shape, varying in size from about 5 to 30yi 
or more. While some may be colorless, most have a definite yellow tint. Tins color 
and the absence of nuclei and other organelles distinguish them from protozoans. 

Charcot-LeyJcn crystals arc frequently found in amebic dysentery but also oc- 
cur m certain other diseases. Ihcy arc vvhctsionc-shapcd, colorless when unstained 
but black in iron hematoxylin preparations. 
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markings in \anous designs. Spherical clusters of minute spores of a fungus 
( Spkaenta ) sometimes parasitize the trophozoites of the intestinal amebae. 


Laboratory Technics 

The laboratory procedure adopted should utilize the routine examination of 
fresh material, directly or after concentration, it should be remembered that 
trophozoites are lost when concentrations are employed. Most laboratories will be 
unable to use routine cultures. The procedure recommended for a clinical labora- 
tory includes an initial examination of material in a wet smear, primarily as a 
screening technic to separate negative specimens from those that contain protozoa. 
If nothing resembling protozoans is found the specimen is discarded without fur- 
ther examination. Positive specimens may disclose some features which will 
identify the species, but it is often necessary to check by at least an iodine stain. 
For final and definite confirmation the permanent, fixed stain is employed for all 
stool specimens in which a presumptive diagnosis of intestinal protozoa has been 
made Most mistakes are due to failure to find rather than to failure to identify 
intestinal protozoa. 

Collection of Specimens. In general, the normally passed stools are quite saUsfactory 
for examination They axe usually formed or mushy and, therefore, cyst bearing rather 
than trophozoite bearing When the diagnosis can be made from cysts the need for 
"fresh'’ and postcatharsis stools and the inconscmcnce of collecting and handling such 
specimens arc eliminated Normal stools may be examined at the convenience of the 
laboratory some Umc during the day, cysts remaining practically unchanged for several 
hours, when examination must be postponed until the following day, specimens should 
be kept in the refrigerator to retard degenerative changes When packaged so as to 
prevent dehydration, stool specimens may be shipped by mail and are saUsfactory for 
examination if received within -18 hours If longer periods of time may elapse the specimen 
should be preserved with Schaudinn’s soluUon or 10 per cent formalin. 

The imjvorlant indication for fresh specimens is when the diagnosis must be made from 
living trophozoites Endamoeba histolytica in dysenteric stools, in sputum, or in material 
obtained from a suspected abscess or by sigmoidoscopic examination of lesions of the 
bowel. Trichomonas vaginalis in vaginal or urethral discharges. Such material should be 
examined as soon as possible and the motility of the trophozoites is enhanced if the 
material is kept warm prior to and during the examinauon. fresh stools may also be 
desired for ldcnufication of nonpathogenic trophozoites. Postcalharsis specimens may be 
necessary when the normal passage is hard and firm or when surveys arc being made for 
all species, castor oil and liquid petrolatum should not be used as these substances appear 
in the fcccs as tiny rcfractilc globules and interfere with the recognition of protozoans. 
The presence of barium also renders the specimen unsausfactory 
Repealed Examinations. The trophozoites and cysts vary greatly in number, one day 
there may lie hundreds in a single wet smear, and a few days laier several smears may be 
examined before a single protozoan can be found Regardless of the number present the 
chances of detecting the organisms depend mainly upon the skill and interest of the 
individual worker, and no detinue rule can be nude as to the number of examinations 
to be made on a single specimen or the frequency with which they should be repealed. 
At least two smears should he made of each stool specimen, one from the inside of the 
fecal mass and one from the surface. An experienced technician will find “S per cent 
of infections by examining a single specimen and nearly all m a senes of three stools, one 
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of which is mushy in consistency. The larger cysts and the mottle organisms are most 
easily found, more errors developing in the detection of small cysts. 

Wet Smears, Unstained. Unstained preparations of feces may be examined in physio- 
logical saline solution, saline-iron-hematoxyhn solution, or in tap water. Other material 
and liquid feces may be examined directly or after dilution on the slide. This is a rapid 
and uncomplicated procedure, and the features of the living trophozoites and cysts are 
disclosed. While saline solution is usually used, saline-iron-hematoxyhn (Lawless, 1916) 
presents some advantages. This solution tends to clump or coagulate fecal debns and 
produces a stained background. The trophozoites and cysts remain free in a clear field 
and their rcfractility, actually or by contrast, is increased; blue filters improve the picture. 
Compared with normal saline, the search requires less time and is less unrig to the eyes. 
The activity of the trophozoites is unchanged. The solution is made by adding 15 ml of 
0 5 per cent hematoxylin stain solution and 0.25 ml. of 4 per cent ferric ammonium sulfate 
to 75 ml. physiological saline. 

Tap water is used to subject the parasites to the osmosis of a hypotonic solution. This 
serves three purposes: (1) to differentiate rounded-up trophozoites from cysts, the latter 
being unaffected; (2) to identify Dtcnlamoeba jragilis; (3) to eliminate Blastocystn 
homims. 

Procedure. A drop of solution is placed on the glass slide. A small particle of the 
specimen is transferred to the slide with a toothpick or applicator and stirred in the 
drop of solution until a smooth emulsion is formed. The coverglass is applied, care being 
taken to avoid air bubbles: this may be accomplished by placing the coverglass per- 
pendicular in the emulsion and moving it along the slide for about an inch, carrying the 
preparation with it, the coverglass, still perpendicular and touching the emulsion, is 
returned back to its original position and lowered to the surface of the slide as thoug 
it were hinged The final preparation should be thin enough so that newsprint a 
legible through it . . 

In order to find and to identify the various species a special type of illumination » 




the _ 16-mm objective as shining, refract* 
bodies usually colorless or with a faint green- 
ish or bluish tint; low magnification is im- 
portant to bring out refractihty an to 5 
time and cover more material. Su T ccte f 
jeets ale studied with the 4-mm. o jec 1 
features which confirm them as pro 01 
or identify them as to species. The entue n 
of the coverglass should 
shown in the accompanying duff™ 
ttvc findings wth the !ow.po»er tou * 
be cheeked hr an 
fields with the higher-pov ~ 
trophozoite- «nd cysts i*»y h-p ~ 

Wet Smears, Iodine Smacd. -A 
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Diagram to illustrate the correct method of y/^ay base been aassd’ 

cramming a fecal smear with a compound iX. X*d. A • « «* 

is fim made. 

this Will eliminate the blastocysts which stain heavily, it will^o widl a tooth' 

but iodine staining is not used for their identification The j, is slM 

3d k or applicator dipped in Lngol’s or D’Antoms .“h”' s “““ with the lowP»“ 
&. When cysts are scarce, one is located . > the M*c 

lens, it is kept in the field with the aid of the mechanical g 
a introduced under the coverglass by capillary attraction. 
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Lugol’s Solution. Lugol's solution consists of the following: 

Iodine crystals 5.0 Gm. 

Potassium iodide 10 0 Gm. 

Distilled water, qs. 100 0 ml 

D’ Antoni’s Iodine Solution. A 10 per cent potassium iodide solution is prepared by 
the specific-gravity method From this reagent, a 1 per cent solution is prepared, to which 
1.5 Gm. iodine crystals are added for each 100 ml 
Stained Fixed Smears. The recommended staining procedure uses Heidenham’s iron- 
alum hematoxylin. Either a short method or a long method may be used, the latter gives 
better definition and produces a more permanent stain The rapid technic of Johnson 
(1935), or modifications, has an advantage in time saved, requiring about two hours or 
less. Staining dishes of 50- to 200-mi. capacity are usually used 
Fixing Solution A stock solution of Schaudinn’s is prepared, two parts saturated 
solution of mercuric chloride and one part 95 per cent alcohol From this, fresh fixative 
is prepared each day (or after every 10 or -10 slides) by adding glacial acetic acid to a 
strength of 5 per cent 

Mordant A 4 per cent solution of ferric ammonium sulfate is used as a mordant and 
a weaker solution of the same material as a decolorizing agent Solutions must be pre- 
pared daily or after every 10 or 40 slides. All crystals used in making these solutions 
must be of a definita violet tint; white, yellow, or green crystals should not be used. 

Stain A stock solution is made by dissolving I 0 Gm. certified hematoxylin in 10 ml 
of 95 per cent alcohol with the aid of heat; then 190 ml distilled water are added. This 
solution must stand at room temperature in direct sunlight until “ripe,” usually a few 
weeks, but this period tnay be shorter. The “npc" stain has a reddish-brown color, a 
few drops added to a test tube of tap water give* a purple (not red) color. This test 
should be earned out on the used stain each morning, renewing it when it fails to give a 
satisfactory reaction. 

Preparation of Smears Using a wooden applicator, a thin film of feces is spread on a 
glass slide, this is done quickly to prevent drying and then the slide is immediately im- 
mersed in the fixative. A drop of saline solution may be used to make a uniform smear 
from dry feces, in the absence of mucus, as m some liquid stools, a drop of egg albumen 
or scrum will help the material adhere to the slide The slides must be handled gently 
in the fixing solution to keep the smears from floating off At no time during the prepara- 
tion, fixation, or staining can the smears be allowed to dry js this causes shrinkage and 
distortion of the organisms. 


Staining, Long Method 


1 . 

Fix in Schaudinn’s and acetic acid 

60 

min. 

2 

Dehydrate in alcohol, 50 per cent followed by 70 per cent, each 

5 

mm. 

3. 

Alcohol, 70 per cent with iodine to port-wmc color 

10 

mm 

4. 

Alcohol, 70 per cent, to remove iodine 

10 

mm 

5. 

Alcohol, 95 per cent 

5 

mm. 

6 

Hydrate in alcohols, 70, 50, and 30 per cent, each 

5 

mm 

7 

Distilled water 

5 

mm 

8 

Mordant in 4 per cent ferric ammonium sulfate 

6 to 

2 hr 


9 Rime in ihrce changes of distilled water 

10. Sum wuh 0 5 per cent hematoxylin 12 to 24 hr 

1 1 Rinse in distilled water 

12- Decolorize* in 1 per cent ferric ammonium sulfate 5 toS min. 

•Daulmiwij mini t« checked bjr irtnonnj the iIhIu from lime to tunc and placing them in 
waitr A sample slide i* taken from ihe water, the umntcaicd tide dried, and the wet film covered 
with a covctglais and examined with the microscope At fsrit the parasite* will appear a* fauly 
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13. Wash in running water 

H. Dehydrate in graded alcohols, 50, 75, <>5 per cent, and absolute, each 
D. Clear in two changes of xylene 
16. Mount m balsam. 


5 m 
each 5 is 


The time required for the procedure given above may be reduced in various »»i ; (|) 
by shortening the time in fixative, mordant and stain, with or without raising the ten 
perature of these reagents; (2) by the addition of a detergent to increase the pc m 
or these reagents; (3) by the omission of some of the graded alcohols; (4) by the suW 
tuuon of cellosolve for the final dehydration and clearing. Such methods produce i b 
permanent stain and distort the protozoa to some degree. 


Stawinc, Short Method (Faust, 1945): 

I. Fix in Schaudinn’s solution at 60' C. 2 nan 

2- Alcohol, 70 per cent; alcohol, 70 per cent with iodine; alcohols 70 

and 50 per cent, each } m 

3. Wash in running water ' _ } 

4. Two per cent iron-alum at 40° C. 1 

5. Wash m running water - 5 

6. Aqueous hematoxylin, 0.5 per cent .... 2 

7. Wash m running water . 2 mi 

8. Differentiate in cold aqueous iron alum solution. 

9. Wash in running water 10*15 mu’- 

10. Immerse in 70, 80, 90 per cent, and absolute alcohol, each 2 mis 

11. Clear with xylol. 

12. Mount in xylol-balsam or clan tc. 


Concentration- Faust et af (1938, 19 39) have advocated a concentration metnod 
detecting the cysts of the intestinal amebae This procedure increases the total « 
positives found and facilitates diagnosis when the organisms arc scarce. It conccowtfl 
the ova of the common intestinal helminths as well as the cysts, reducing fa ISL 
search for intestinal parasites to one procedure It is time-consuming. 

1. One part of formed (cyst-bearing) stool js mixed with 10 parts of warm w jfer ® 

glass container. , 

2. Ten ml, of this mixture are strained through one layer of wet cheesecloth in*S 
funnel and into a suitable test tube. 

3. This filtrate is centrifuged for 45 to 60 seconds at 2500 revolutions per minute ^ 

4 The supernatant fluid is poured ofT, the sediment is resuspended ut disti e 

and centrifuged again. This is repeated until the supernatant fluid is clear. 

5. To the final sediment are added 3 to 4 ml of 33 per cent zinc sulfate ^ 
(specific gravity 1.180)- After the contents are thoroughly mixed the tube » 
within one-half inch of the rim with the same solution 

6. This suspension is then centrifuged for at least 90 seconds. flJ ^ i 

7. Material from the surface of the liquid is transferred to a glass slide by ^ ^ 

loop; a drop of dilute iodine solution is stirred into it, a co\crglass, is p' 3cC 
liquid and examination made for cysts ^ 

Cultivation. This is of use in the detection of large-race Endamoefa ^‘ sl f^ nat Sj . 
Trichomonas vaginalis. If gives poor results with small-race E. histolytica afl 
cessful with Giardto latnbha. 

solid black objects which become clearer as more slain is removed. If t/ie color is 
the toverglaw u removed by a quick dip ia the water and ail the slides are rctwe* 
solution for further differentia non. This procedure must be repeated several 
one-minute intervals, before the desired sum intensity is churned. 


* i a s 
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Lock® EcoSerum Medium (Boeck and Drboheav). Six eggs are washed with alcohol, 
broken, and emulsified in 75 ml. stenle Locke's (or Ringer's) solution Four ml. arc 
placed «\ test tubes and the tubes slanted m an mspusator acid heated at 70* C. until the 
medium has solidified. The tubes are then autoclaved at 15 pounds pressure for 20 min- 
utes. The slams are then covered with about 4 ml. sterile Locke’s solution and scrum 
(10 to 1) and a small amount of sterile ncc starch added. After sterility tests, the cultures 
may be stored until used. This medium is suitable for cultivating parasitic amcbac. 

Complement fixation. This test is of value in infections with Endamoeba histolytica 
when trophozoites or cysts cannot be demonstrated by repeated stool examinations. The 
technic, devised by Craig and modified by others, follows that of the Wassermann reac- 
tion An alcoholic extract of cultures of E. hutolyttca is used as antigen 

Sigmoidoscopy. Some clinicians resort to sigmoidoscopy as a diagnostic procedure, 
hoping that there will be an ulcer within reach and that a smear from such ulcer will 
show the trophozoites of Endamoeba histolytica. This procedure is quite unnecessary 
since the parasites will be present in the feces, and abundantly so, in cases when the lesion 
is within such a short distance of the anus. Furthermore, failure to find ulcers and para- 
sites with the sigmoidoscope swab has little significance since amebic lesions may be 
higher up in the colon, beyond the reach of the instrument 



CHAPTER 20 


Medical Helminthology 


Z'kr'gretpi’ra ‘ ar8C /4 yla - “ >«” nrcS 

been Ii ?T P , ' V °: d hdraimh " ori S' Ml 'r «8"'fyi«S “imestinal wonn/'h. 

brMdcn ' d “ “>•* >" P-irns/tic forms of Vermes, ttc m) rM of free- 
l.vmg specie, may also be called helmimhs when the word is used in its bud«t 
sense. Med.cd helm.ntholog, deals wi.h .he parasitic worms of man. The m 
p rtance of helminths to civilization is well emphasized by Stoll (1947) in an 
extremely interesting paper. 

Classification. Most of the helminths of man belong to the phyla Platyhclminthes 
or flatworms and Nemathclrmmhcs or roundworms. A third large phylum, An- 
neltda, includes the segmented worms. The Acanthocephala or thorny-headed 
worms arc more similar to the Platyhelminthcs than to any other group; however, 
they arc too distinct to be placed with the flatworms and most invertebrate zoolo- 
gists consider them as a separate phylum. The Ncmatomorpho may be designated 
as a separate phylum or as a class of the phylum Nemathelminthes, to which the 
show, more or less, a superficial resemblance. 


Morphology. Parasitic helminths have become greatly modified when compared 
with their closest free-living relatives. These changes, while often spoken of as 
degenerative, are actually specializations for parasitic life. Generally speaking, 
the most highly specialized or most greatly modified helminths of man are those 
which have had the most ancient association with him; tapeworms provide an ex- 
cellent example. The site of location in the host is also closely related to the arrfount 
of modification which is necessary for parasitic existence; the parasites of the oral 
cavity are usually much more like free-living forms than those of the intestines, 
the tissue or somatic helminths, such as the blood flukes and the filariae, show 
great specialization. ^ 

The organs which are so vitally important to free-living forms — sense organs an 
those of locomotion and alimentation — are of little significance and,, consequent y, 
poorly developed in most parasitic forms. In contrast, organs of reproduction, 
tachment, and protection from the peculiar environment within a host are >g 
specialized. Cilia, very characteristic of the free-living Platyhclminthes, occur ^ 
in the free-living larval stages of the flukes and the more primitive tape« 0 ^ 
suckers, the typical attachment organs of the flukes and tapeworms, arc uncoev 
in the nonparasitic flatworms. 
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Table 60 

Classification of Important Centra of Helminths 
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PARASITOLOGY 


All of the helminths parasitic in man arc multicellular, bilaterally symaictriral 
tural differences^^ ^ ^ Varl ° U! ^ gr °“ PS Pmm !m,r ’ 


Phylum Plytyhelminthes. The gastrovascular cavity, when present, is use* 
without an anus; the excretory system is in the form of protonephridia with flame 
cells. These parasites are without body cavity; they are usually flattened, leaf, or 
tapelike 


class CESTOIDLA. The alimentary canal is absent; the scolcx is provided with 
suckers and often with hooks. The adults are nearly all flattened and tapclike. Tbc 
parasite is hermaphroditic. Almost all members of this class have bodies made up 
of segments or proglottides. These parasites are known as tapeworms or cestodes. 

class thematoda. The alimentary canal is always present except in certain larval 
stages; suckers are almost always present. These parasites are nearly all flattened, 
leaflike; they arc not segmented; they are known as flu\es or trematoies. 

Phylum Acanthocephala. Members of this phylum arc without an alimentary 
canal; an excretory system is present as protonephridia with flame cells in some. 
The parasites are without body cavity; they are usually more or less flattened when 
alive The sexes are separate. These parasites are known as thorny^headed worms. 

Phylum Nemathelminthes. The alimentary tract is usually complete; the body 
cavity is not lined by an epithelium; the excretory system is without flame cells. 
The sexes are almost always separate. These parasites have no proboscides. 

class nematoda. Members have the characters of the phylum. They are known as 
sound worms or threadworms. 

Phylum Nematomorpha. Adults have a degenerate intestinal tract. The J 
cavity is entirely or partly lined by an epithelium. The excretory system » Ul1 oul 
flame cells. . . . 

class gordiacea. The adults are free-living. The larvae are found OP 1 " ^ 
insects. The members of this class are accidental parasites of man; they are 
as hair worms or horsehair sna\es. _ , ,j, c 

Phylum Annelida. The ahmtmary tract is complete; a body cavity is P rc5C " ’ 
excretory system is without flame cells; the body is divided into a sene 

ments. , , • cocker: the) 

class hirudinea. These parash.es have an anterior and a posteno ^ j cc[ hci- 
are hermaphroditic Their bodies are flattened, leaflike. They are n° ^ (0 
Identification. All stages of diagnostic importance are < erentu 
be found in Chapter 24. 


Helminths of Minor Importance to Man ^ ^ 

Acaothocephala. These helminths are railed thorny-headed worn .tth n'nd 

sesses a proboscis which projrcti anteriorly W-r .* f to attach 

rows of hooks whtch are d, reef'd backward and time 

the intestinal wall. The worm absorbs noumhmmt tht hc tainths art IP”” 
no mouth or abmen.ary canal. The sexes ate separai 1C A II holI a»d > 

throughout theit life cycles, usually ha.-mg an arthropod tn.rtm 
brate definitive host. 
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Macracanthorhynehus hirudinacctis is normally an intestinal parasite of hogs. The mate 
is 5 to 10 cm. long, the female 20 to 65 cm. The eggs, which arc brown in color and 
about lOOj* long, contain hooked embryos The intermediate hosts are larvae of June 
bugs and related beetles. Human infestation is said to be common in southern Russia. 

Moniliformis moniliformis, an intestinal parasite of rats, has been reported in man in 
a few instances. The mate is about 4 cm long, the female about 20 cm The proboscis 
has 12 to 15 rows of hooks A beetle, Blaps mucronata, and a cockroach, Penplaneta 
amentana, are the intermediate hosts, possibly other insects are involved Infestation may 
be contracted by eating deathwatch beetles, as is sometimes done to improve the com- 
plexion 

Nematomorpha. The hairworms or horsehair snakes belong to the class Gordiacea. 
They are long, threadlike forms with separate sexes and are parasitic in insects as larvae, 
the adults being free-living The few cases of infestation in human beings probably result 
from ingestion of the adult in drinking water or of the larva within the insect host. These 
parasites may cause mild digestive disturbances. 

AnDclida. Leeches belong to the class Hirudinea of this phylum, members of which 
arc parasitic and do not possess chaetae, they move about by means of a sucker at the 
posterior end They have a rather oval body marked by numerous rings and a well-de- 
veloped muscular system which enables them to contract and extend actively There is 
also a sucker at the anterior end, within this is the mouth leading to the pharynx which 
serves as a pumping organ by the action of its muscular walls. The salivary glands, situated 
inside the mouth cavity, secrete the fluid which prevents coagulation of the blood. The 
mouth may or may not be provided with cutting jaws In Hirudo there arc three semi- 
circular jaws, the arched surfaces of which arc beset with from 50 to 100 sharp teeth; the 
mark of a leech bite is triangular When a leech has gorged itself it becomes detached 
from the skin of its victim, but the effect of the salivary secretion on blood coagulation 
is of some duration so that the wound continues to bleed Some wounds may become 
infected, and ulcers which may prove senous often result. This is particularly true with 
Haenudipsa seylamca, a leech living on land but requiring abundant moisture, most 
species live in water. As a rule, leeches arc hermaphroditic and reproduce by depositing 
so-called cocoons, rounded bodies surrounded by a shell and containing eggs m an albu- 
minous matrix. Dimethylphthalaie has recently been found to be a very effective repellent 
against land leeches (Ribbands, 1946) 

Ihrndo medicinulis is the leech used medically to induce bleeding It is about 4 inches 
long and of a grayish green color with dingy-red, longitudinal stripes on the dorsum and 
a dark green ventral surface 

Lmtnjtis tnlotica is found in many parts of northern Africa, Palestine, and adjacent 
regions. The young leeches, only about 3 mm long, gam access to the mouth in con- 
taminated water They attach themselves to the mucous membrane of the mouth, nose, 
larynx, or even trachea and remain there for several weeks until they reach adult size, up 
to 10 cm long and 1 2 cm wide. They may cause headache and obstinate bleeding, often 
resulting in severe and even fatal anemia The dorsal surface of these leeches is greenish- 
brown with orange-brown borders. 

lljcnuJipu scyhmcj is found in India, the Philippines, Australia, and South America 
It leaves the damp earth to climb shrubs, from there dropping on animals or man passing 
through the forest Its bite is painless but may be followed by an ulcer. Tins parasite may 
get into the nostrils and will even penetrate thick clothing to reach the skin. 



CHAPTER 21 


The Flukes or Trematodes 


Nearly every vertebrate is the host of one or more species of flukes Those forms 
which arc parasitic in man also have, almost without exception, other asailaWe 
vertebrate hosts, often domestic animals. From this it might he expected that the 
flukes would tend to be cosmopolitan in distribution, as indeed they are in most 
lower animals; but in man they are found largely in the Tropics and the Orient. 
This is attributable, in part, to the food habits and the standards of sanitation in 
these areas, but* other factors may be important. Since all of these helminths re- 
quire a molluscan intermediate host, indigenous cases occur only where the suitable 
snail is present. However, the introduction of human cases into new regions in 
which a suitable intermediate host exists has resulted in the establishment of n«v 
endemic areas. 

Classification. The parasitic flukes of man belong to the subclass Pigrnca, 
whose members arc endoparasites with a complex development including an 
alternation of three or more generations (metagenesis) and an alternation of hosts; 
they also belong to the order Piosostomata which includes those forms with 3 
mouth, surrounded by an oral sucker, located at the anterior end of the body. Asa 
practical aid to study and identification, the trematodes of man are grouped or 
discussion according to their usual anatomic location in the human body. 

Blood Flukes: 

Schistosoma haematobium (Bilharz, 1852) WeinJand, 1858 
Schistosoma mansoni Sambon, 1907 
Schistosoma japomeum Katsurada, 1904 

Liver Flukes. 

Fasciola hepatica Linnaeus, 1 758 
Clonorchis sinensts (Cobbold, 1875) Looss, 1907 
Opisthorchis jelincus (Rivolta, 1884) Blanchard, 1895 
Opisthorchis uiverritu (Poirier, 1886) Stilt -and Hassall, 18 


Intestinal Flukes: 

Fasctolopsis bush} (LankesteA 1857) Odhner, 1902 

**• «-* 1900 

Echmoitama ilacmum (Garrison, 190S) Odhnrr, 19 
Gastrodiscoides hmn.ni, (Levis and McConnell, 1876) Lep'f, 


Lung Fluke: 1ono 

Faragonimus tvestermani (Kerbert, 1378) Braun, 

560 
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In addition to these 13 species which have been found to occur in man in many 
cases, approximately 30 species which are rare, accidental, or spurious parasites 
of man are also known If interested in these forms, the reader should consult 
a standard text in helminthology 

Morphology. Flukes are nonsegmented flatworms, usually leaflike in oudme, 
rarely cylindrical. They are especially characterized by the possession of suckers 
by means of which they attach themselves to the skin, mucosa, or other tissues of 
the host. With the exception of the blood dukes, all human trematodes are 
hermaphroditic and their eggs are provided with a lid or operculum 

Adult flukes have two suckers which, except m Gastrodiscoides, arc quite close 
together an oral sucker and an acetabulum. The intestinal tract, proceeding from 
the mouth, usually consists of a pharynx, 
an esophagus, and two blind ccca; in the 
blood flukes the branches reunite to end 
in a single cecum and the pharynx is ab- 
sent There is no anus in any fluke that 
infects man 

The excretory system consists of numer- 
ous, scattered "flame" cells from which 
minute canaliculi arise. These unite to 
form two collecting ducts which join 
posteriorly in the excretory vesicle, dis- 
charging through the excretory pore. 

There 'arc usually two testes which 
vary greatly in shape and position in dif- 
ferent families. A cas efferent arises from 
each, and these unite to form the vat 
deferens. This discharges at the genital 
pore, usually situated vcntrally, near the 
bifurcation of the gut in front of the 
\cntral sucker. The terminal part is often 
modified to form a muscular copulatory 
organ, the cirrus. There is a single oiary 
from which the oviduct arises; this gives 
of! a branch which usually ends blindly 
in a reccptaculum scnunis, but which may 
give ofT a secondary branch (Laurcr’s 
canal) which sometimes opens externally 
on the dorsal surface and is believed to take care of the overflow from the oviduct. 
The oviduct proper, in which fertilization of the ova takes place, receives ducts 
from the yolk glands and continues forward as the uterus. The uterus discharges 
the ova at the genital pore. The terminal part functions as a tagma at the begin- 
ning of sexual activity, but copulation appears to be impossible after the uterus 
becomes filled with ova. 
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immature swges of HUMAN 


FLUKES 




SPOROCYST 

(xm 



METACERCARlA 
IX 100) 


xmi uancAi tcnxn. '« 

Immature stages of human flukes. 

Ovum or Hoc. An ovum or egg is a germ cell, or multicellular mass, surrounded 
Yy o cells and enclosed in a shell. Fluke eggs have either an operculum, a cap or 
id which is forced off by the hatching embryo, or a characteristic spine. Although 
other helminths (primitive tapeworms) may have opcrculatc ova, spined eggs 
are found only in the blood flukes (Schistosomatidae). 

Miracidium. This may be defined as the ciliated larva which hatches from e 
c 88- Tkc majority of fluke eggs contain a well-developed miracidium when th { y 
are passed from the host. However, some require an incubation period. "The e ' 
veloped miracidium has a short, sa dike gut, several flame cells, and germ ce 5 
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or germ balls which are destined to give rise to a new generation of organisms. 

Sporocyst. A sporocyst is a nonciliatcd form produced by the metamorphosis of 
the miracidium within the snail. This is an irregular, sachke structure containing 
germ balls which produce the next larval stage. There is no alimentary canal, food 
being absorbed through the body wall. 

Daughter Sporocyst. This is a sporocyst arising from the germ balls of a 
primary mother sporocyst. The morphology is as described above. 

Redia. This is a larval stage arising from the germ balls of a sporocyst. In a few 
instances, rediac may develop from the germ balls of a miracidium. Rediae arc 
characterized by the possession of a mouth, muscular pharynx, and sachke 
cecum. Germ balls bud off from the wall of the redia and produce the next 
larval stage. A birth pore may be present to allow the passage of the succeeding 
stages at maturity. 

Daughter Redia. A daughter redia is a redia developed within a primary 
mother redia. 

Cercaria A ccrcaria is a larva arising from the germ balls of either sporocyst 
or redia. It is characterized by oral and/or ventral suckers, a mouth, divcrttculatcd 
gut, and tail. It leaves the tissues of the snail and swims about until it encysts on 
vegetation or finds and penetrates the next host. Ccrcanae with forked tails swim 
tail first, those with simple tails proceed with the body first. 

Metacercaria or Adolescaria. Mctacercana or adolcscaria is a term applied to 
the stage between the ccrcaria and the adult fluke. This form is composed of the 
body of the cercaria, the tail being lost upon penetration of a second intermediate 
host or a definitive host. In species utilizing a second intermediate host, the 
metacercaria is an encysted form in this host and an adolescent de\ eloping fluke 
in the final or definitive host. The encysted form is absent in species which lack a 
second intermediate host (blood flukes), only the adolescaria developing. 

Life Histories. The life histories of the important flukes infesting man are 
discussed collectively and depicted together on p 564 By this means the similari- 
ties and diflcrcnccs are emphasized and, it is believed, an easier and more prac- 
tical aid to learning and remembering is aflordcd. As listed under Classification, 
the adult flukes in man select various sites in the body. Eggs produced by these 
adults pass out in the urine, fcccs, or sputum, depending upon the location of 
the parasites All ova except those of the schistosomes have a cap or operculum 
which opens to allow the miracidium to escape Each species of trematode requires 
certain particular snails in which it can continue its development The egg may 
hatch in water or it may be swallowed by the snail and hatch in its intestine Re- 
gardless of where hatching takes place, the miracidium reaches the internal or- 
gans of the snail by penetrating the soft external tissues or the intestinal wall. 

Upon gaining entrance into the tissues of the snail, the miracidium enters the 
tntramolluscan period of its existence. It reproduces in large numlvers during this 
lime to compensate for the heavy mortality encountered during the passage from 
nun (or other vertebrate) to the snail and to insure the survival of at least a few 
individuals during the passage from the snail to a definitive host or second inter- 
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glands; those ot Fasciola and Fasciolopsis encyst on vegetation; those of Clonor- 
chis, Opisthorckts, lictcrophycs, and Metagonimus in fish; those of Paragommus 
in crayfish and crabs; and those of Echinoslonta in a second mollusk. The encysted 
mctaccrcanae enter man when he eats these foods insufficiently cooked or raw. 
The mctaccrcanae of the schistosomes, Paragonimus and Fasciola, undertake com- 
plicated migrations after entering man and before developing to sexual maturity; 
the other flukes undergo much less extensive movements 
Molluscan Hosts. In the irematodcs ot man of which we know the life histories, 
some genus of mollusk serves as an intermediate host. The phylum Mollusca in- 
cludes unsegmented animals, usually contained in a calcareous shell and made up 
of a visceral mass, head, mantle, and foot. The first intermediate hosts of trema- 
todes belong to the class Gastropoda which arc known as snails and usually have 
a spirally coiled shell, a distinct head, and a broad, flat foot 
Experimental infection of snails by miracidia shows that these larvae tend to 
avoid unsuitable hosts and attack only certain species. Many miracidia, however, 
attack snails which are not efficient hosts and undergo only partial development. 
Various species of a genus of snails (but not all) may act as hosts Mollusks are not 
so restricted in their range of trematode parasites or the flukes so restricted in 
their range of snail hosts as they were formerly thought to be. Methods of investi- 
gation and identification of snails arc described in Chapter 24. 

Prophylaxis. Prevention and control of human infections by the trematodcs in- 
volve an understanding of the life histories and the epidemiology. Treatment of 
infected persons and proper disposal of human excreta arc applicable for any of 
them. However, the situation becomes more complicated when other reservoir 
hosts exist in dose association with man. Those infections acquired by ingesting 
the second intermediate host are most easily controlled by proper selection and 
preparation of food. Special measures must be taken to prevent infection by the 
ccrcariae of the blood flukes. These include complete avoidance of all infected 
waters Every precaution should be taken against swimming, bathing, wading, or 
washing clothes in untreated water in endemic areas Boiling the water is the most 
certain method of killing ccrcariae. When possible, water may be stored for at 
least 72 hours, the maximum period of ccrcaria! survival; after routine treatment 
it may then be used for all purposes. Proper filtration and chlorination which 
leaves a residue of one part per million at the end of 30 minutes are also satis- 
factory 

Control measures arc also directed against the snail intermediate hosts; removal 
of useless collections of water and vegetation, construction of irrigation canals and 
drains with cement, flooding with sea water, 35 to 40 per cent, for several days, 
and application of copper sulfate, copper carbonate, ammonium sulfate, or quick 
lime Miller (1931) has found a mixture of copper sulfate, 2 part*, and copper 
carlionatc, 1 pan, dispersed on the bottom of a lake by a hose to be very eflcc 
live for large water areas. Three pounds of the mixture will treat 1000 square 
feet Adams (1935) recommends 5 parts copper sulfate (snow grade) and 1 part 
hydrated iunc. Periodic drying of certain areas has not proved as effective as had 
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been found to be effective against snails, eereanae, and mosquito larvae. Buckle, 
( 46) gives an excellent short summary of methods for the control of sdiisto- 

somiasis. 


The Blood Flukes 


The most important flukes are those in which the adults are found in the blood 
vessels of man. Such infections are exceedingly common in Egypt and in certain 
areas of the Orient; they occur in many parts of tropical Africa and in South 
America. The disease is commonly called schistosomiasis as the parasites living in 
man all belong to a common genus. Schistosoma. It is also often referred to as bil- 
harziasis from the important generic synonym, Bilharzia. Schistosoma mansoni, 
because of its wide distribution, high incidence and the presence of suitable inter- 
mediate hosts in the Americas, is the blood fluke of most importance to worken 
in the western hemisphere. The exposure of members of the armed forces to die 
oriental blood fluke in the Philippines, and possibly in China and Japan, has ac- 
centuated interest in S. japontcum. Although of wide distribution and high inci- 
dence in Africa, S. haematobium is probably of least importance to American 
students and technicians. 

Species: Schistosoma Mansoni. Schistosoma mansoni is the cause of a chrome 
dysentery and of Egyptian splenomegaly. The disease may be referred to as schis- 
tosomal or bilharzial dysentery; schistosomiasis mansoni is preferable. In Africa, 
it occurs chiefly in Egypt and in the valleys of the Nile, the Congo, and the Nig« 
rivers; it is also present along the northeast coast of South America, in the Amazon 
Valley, and in the West Indies, including Puerto Rico where it was presuma / 
introduced by African slaves. In Venezuela, Scott (1940) found about 80 per cefi 
of the males and 60 per cent of the females infected. The adult worms aie^ 
predilection for the mesenteric veins draining the bowel near the ileocec pine 
tion. Their ova arc deposited in the veins of the colon and especially t ose o 
rectum, occasionally a few in those of the bladder. , , _ 

Schistosoma Japonicum. Schistosoma japonicttm also causes a chronic J s ^ 
and great enlargement of the liver and spleen. Infection by this parasite {Q 
called Katayama disease and oriental schistosomiasis but is P rc ^ ^xpccialty 
as schistosomiasis japonica. It is common in certain districts o ina, ^ , fl 
the Yangtze Valley in which 10,000,000 people are said to c m “ 
southern Japan; it also occurs in the southern Philippines an t e ^ 

adults live in the superior mesenteric veins and discharge their gg 


venules of the small bowel. . , 0 f en dtmk 

Schistosoma Haematobium. Schistosoma haematobium is ^ w j, c in- 

hematuria in Egypt where 60 to 70 pet cent of thepopu ation^^ ^ sc y 1JSt o«> 
fected. The disease is also called urinary or vesical seh. lllc porul 

missis haemarobia. The adult parasites live in the pelvic b 
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system, and their eggs are deposited chiefly in the veins of the bladder, occasionally 
in those of the rectum. These flukes are long-lived and the infection may last 20 
or 30 years. Eggs have been found in the lungs in about one-third of the cases at 
autopsy. 

Morphology. The schistosomes differ from other flukes m many respects The 
adults arc dioecious (sexes separate) instead of hermaphroditic, there is no pharynx, 
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Table 6] 

Differential Features of Adult Schistosome* 



S. japomeum 

S man font 

S haematobium 

Male 




Size (mm,) 

9-22 

6-14 

10- IS 

Cuticle 

Nontuberculate 

Grossly tubcrculatc 

Finely tuberculin 

Testes 

7 

6-9 

« 

Reunion of intestinal ceca 

In posterior fourth of 

In anterior half of 
body 

About middle 
i body 

Female 




Size (mm ) 

12 - 26 

12 - 16 

15-20 

Number of ova in uterus 

50 or more 

I -4 

20-30 

Position of ovary 

Middle of body 

Anterior body half 

Posterior body Mf 


The anterior fifth of the adult male is cylindrical, but the remainder of the M; 
is flattened and thin. The margins arc infolded vemrally to form the gynecophon, 
canal in which the female is enclosed after sexual maturity is reached. The small 
testes are grouped just behind the ventral sucker. The female is long, cylindrical! 
and darker in color than the male; both extremities project from the gynccophonc 
canal in which she lives more or less permanently. The ovary lies anterior to l * 
union of the gut branches. 

Life Cycle and Transmission. The adult schistosomes live in the portal « in 
and its branches. According to the observations of Fairley and of Manson-B 
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living monkeys infected with S. haematobium, the paired worms travel against the 
blood stream into the finer branches of the mesenteric or pelvic veins. Here the 
female leaves the male and penetrates as far as possible into the venules, greatly dis- 
tending them. As she withdraws, she deposits the ova, one at a time, with the spine 
pointing toward her. The clastic vein contracts down about the ovum, and the 
flow of blood tends to force the spine into the vessel wall. The ova cause a local 
inflammatory reaction and finally ulceration so that many of them reach the lumen 
of the bowel or bladder 3nd arc then passed in the urine or feces. The eggs, imma- 
ture when deposited, contain a developed mitactdmm when passed. Schistosomes 
produce relatively few eggs at 3ny one time as compared with other flukes. On 
reaching water the shell quickly ruptures, probably as a result of high osmotic 
pressure within the egg; the ova die within a few days in undiluted feces or urine. 
Upon its escape from the egg, the.miracidiuin must find and penetrate a suitable 
snail host within a short time. 





Ccrcaruc uf Scfuttoiomo haematobium (Photomicrographs 

X 100) 


A month or more is required for the development from miracijium to ccrcariae 
within the snail. The first generation sporocyst produces only a limited number 
of daughter sporocysts (25 to 50), but these latter second-generation larvae may 
produce numerous ccrcariae for long periods of time. Faust and Hoflinan (1034) 
reported a snail infected by a single nnracidium of S. mansotu discharged approxi- 
mately 3500 ctrunac each day. 

Man usually acquires his infection by wading, bathing, or washing in infected 
water; if ingested in drinking water, the ccrcariae may penetrate the tnucosa of the 
buccal cavity. Skin penetration occurs as the water evaporates and requires about 
J5 to 30 minutes. The inetaccrcanac (adulcscariac) are carried by ihc blood stream 
to the right side of the heart and ihcncc to the lungi; after working their way 
through the capillary network, they return to the left side of the heart and pass out 
in the systemic circulation. Apparently only those which get into the mesenteric 
arteries (through the intestinal capillary bed) and into the liver (via the portal ves- 
sels) survive The migration of S mjniont from the skill to ihc lungs requires two 
or three days, and about four nio/c to reach the User. Once in the liver, the larvae 
grow rapidly mtu males and females and migrate down the pottal vessels to the 
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venous plexuses in .he Wall o£ the intestine or blsrfdrr Th • r . 
ova to appear in the feces nr „ r xV,» r . ' ^ cno ^ required fat 

Leyte, Magath and Afathiesen (1946) found pip 
to be the most important reservoir host, dogs next, 
and rats of little significance. 

Numerous snail species may serve as ike iota > 
mediate hosts for these schistosomes: 

5. mansoni: Snails of the genera Biomphalarta and 
Ausiralorbis are the usual hosts; Physopm and 
BuVmus may be involved. Recent tvork radicates 
that related species in North America may a!w 
be suitable (Cram, /ones and Wright, 1915). 

5. yaponicum: Various species of Oncomckml, 
Katayama, and Schistose ntoph ora. (The classifi- 
cation of these snails is uncertain at present 
They may all belong to a single genus, On- 
com elan ia.) 

S. haematobium: Various species of Buhmts, Pty 
sopsis, and Planorbarius . 

Clinical Illness. Occasionally the penetration 
of the skin by the cercarhc is accompanied by a 
local dermatitis; it may be associated with intense 
pruritus and erythema, but this is uncommon. An 
incubation period of a month or more follows be- 
fore the onset of symptoms and opposition by the 
mature worms. Pams appear in the back, epigastric region, and legs or along nine 
tracts; afternoon fever develops, often associated with Joss of appetite, dry hacfmg 
cough, and general malaise. Frequently an intense urticaria with localized e eon 
involving the subcutaneous tissue is associated with these s)mptoms. Tfoercj 
usually a leukocytosis and a marked eosinophifia, reported 3s high as 90 
Other symptoms are associated with lesions caused by the eggs of the parar ^ 
they differ m detail with the species concerned. The wall of the 2 ^ ^ CKf , 
testine, in which most of the eggs are deposited, is primarily imohe ’ - • ™ ^ 
many eggs are washed out of the veins and earned by the porta arc 
2Tm in number,, * Jun £S , Bta* an. Wj. 
found in .he rkiu (Bh.dc, mfl. in rome «*«• « k- 

were manifest (Carroll, 1946; Watson ct aU I W. ^*““7 J 5 bfi mar ud ia 
turia are common in schistosomiasis haematobia; diarrhe 7 . ^ 

infections by Schistosoma mansoni and S. japoruam- Faust c 



Actual size Enlarged ,7 X 

Snail intermecJjaic hosf of ScAtrta- 
fomj jdpomcttm (Photograph ) 
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excellent discussion of the clinical picture of Oriental schistosomiasis which 
occurred in American soldiers on Leyte. 

After a few' years, progressive portal cirrhosis may develop. Chronic congestion 
causes enlargement of the spleen. Ascites frequently occurs. Other symptoms of 
chronic nature arc caused by scarring and tissue hyperplasia or secondary infection. 
The patient may finally die of exhaustion or concurrent disease. As suitable treat- 
ment usually hills the adult parasite, it is evident that early diagnosis is of utmost 
importance. Recently, an intensive one-day treatment has been developed (Alves, 
1946) which offers gTcat promise for the control of schistosomiasis. 

Cercasivl Dermatitis (Swimmer’s Itch). The cercanac of certain schistosomes 
normally parasitic in birds, muskrats, meadow mice, or caule attack and penetrate 
the skin of man but are unable to develop into adults in this abnormal host. In- 
tense itching of the infected areas develops several hours after exposure. This is 
accompanied by edema and the formation of a papular eruption which later be- 
comes pustular, the reaction being most intense on the third day after exposure, 
Ccrcanal dermatitis occurs in the north, central and western portions of the 
United States and in Canada, England, France, Germany, Switzerland, New Zea- 
land, and Malaya. If exposed to infection, immediate, vigorous wiping of the skin 
is advised. 


The Liver Flukes 

The liver flukes inhabit the bile passages, or occasionally the pancreatic ducts, 
which they reach by direct migration through the ampulla of Vatcr (Clonorrisu 
and Optsthorchis) or by penetration of tissues (Farnob). None are exclusively 
parasites of man, all being found in other mammals. Clonorchiasis is the only in- 
fection of major importance. 

Species: Closorchis Sinensis. The Chinese liver fluke is common in China, 
Indo-Chma, and Japan; in certain sections, over 75 per cent of the population are 
said to be infected. In addition to nun, several other mammals, including the cat, 
dog, rat, and pig, serve as definitive hosts. Kohatashi has shown (hat the young 
flukes m cats reach the bile ducts 15 hours alter tniccied fish has been ingested 

and require 26 days to reach maturity; they have ► _ — t _ , 

been reported to live from 5 to 20 years When j j 

squeezed out of the bile duct, the adults ate so 
transparent and shiny as to resemble mucus; they 
are 10 to 25 mm. long and 2 to 5 mm. broad, pointed 
anteriorly. Thousands of these parasites have been 
found in a single person. 

The ripical egg is shaped like an oId-/a»hioncd 
light bulb, is yellowish brown in color, and contains 
a miraeidium when passed. The operculum or cap 
fits into the thickened shell like the top of a sugar bowl with shoulders. A com- 
ma shaped knob on the end opposite the operculum aids in identification; this 
is often ditScult to sec. Several types of ahnotma] eggs occur, one wiih an oper- 
culum but no embryo, a scconJ without cither lid or larva. The ov* are very 


0 




Ora of CJctenln tizmfu. 

HTwlorok.r.'ZTsrh X IM) 
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at w ttmp ~ 

24 to 48 hours or pensh. ThVrougTcL^gT/^et fr ' sh "' attr S,h * 

h o=;r^ 

“I F iSS - h h “ t-n reported ,o be fail n °™ llIy 3 PmS “' ° l ««■ % 
Md in parts of Russia, Siberia and Indr, rv T man m Msttra G ™I, 

of Clonarchis, the first intermediate hm, k ^ ' f ' hlSt ° 1 ’' is sim,lar 10 ll “ l 

the second, various fresh-water cyprinoid 1 Jad 

on asymmetrical miracidium when passed- r™ a y '“° w f tomi ° vum 
egg is more slender and has narrower 1n ,l ’ Par ' d W “ h that of to 

shoulders at the margins of the can „ m°re tapering ends with less pronounced 
broad. h cap - Thc adu,t “ oltout 10 mm. long X 2 mm. 

«alsto T ore 3 mmtnatmnj , 'nd^” / ^ 0rC ^ v ‘ verr '™ ‘ s normally a parasite of the diet 
in some parts of Siam “ '° 1 PrCS ' m “ ab ° ut onc - f °"«l> of the people 

■ is probirvly simifa; ' °" “ lh “' “ f ^ 1-7 

hclilmus mim T a'ls A ' ^ ^ D ° ,OU "* ”™ kk in sb “P •*> 

in manTlerT^ ’ T “ d ? S '' UC,iv<: d “«e-liver rot. I. has been repotted 
is a (leshv h 1 “V* fr ° m ‘ h ' shcc P' raisin S districts of the world. The adult 
and slmhtlv an,mal ' m ' asu ™e up to 30 X 13 mm., with relaluely flat 

and slightly convoluted margins. There is a distinct conical projection a, die an- 
tenor end, the posterior being broadly pointed. The two testes, winch lie one be- 
hind the other in the second and third fourths 
of the body, are conspicuously branched. 

The life cycle is similar to that of Fascioloptii 
bus\i. The ova are immature when passed and 
must develop to maturity in water; they remain 
viable up to nine months or longer. Thc nun- 
cidia batch in thc water and penetrate thc tissues 
of an appropriate snail, species of no less than 
eight genera being susceptible to infection. Cer- 
cariae emerge from the snails late in the eve- 
ning to settle and encyst on aquatic vegetation 
within eight hours. After excystation in the 
duodenum of thc definitive host, the immature 
fluke penetrates the intestinal wall and migrate* 
to the liver cither directly or by thc bio 
stream. Man appears to be as susceptible lota 
fection as is the sheep. Eating uncooked watercress and other aquatic vegetation 
is the most likely method of infection. In thc Gulf areas of thc United 5tat«> 

Olsen (1947) recommends treatment of the infected sheep in the fall as thc 
method of control. 



Ovum of Fa f ci ala hepatic a (oper- 
culum detached). (Photomicrograph 
X 200.) 
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Clinical Illness. The clinical symptoms produced by liver flukes are usually pro- 
portional to the intensity of infection. In the presence of small numbers, only minor 
digestive disturbances may be manifest. Early heavy infections may also be mild 
or asymptomatic. In the more severe cases, diarrhea, enlargement of the liver, and 
jaundice develop, ultimately terminating with hepatic cirrhosis, ascites, and ca- 
chexia. Chronic cholecystitis, cholangitis, or pancreatitis may occur. 

The Intestinal Flukes 

Considering the severity of the diseases, infections by the trematodcs which 
inhabit the intestinal tract are of less importance than those caused by User flukes. 
With one exception, the species below arc found in the small bowel where they 
become attached after cxcystation. AH are parasites of domestic animals. 

Species: Fasciolopsis Biski. The giant intestinal fluke is widely distributed in 
the Orient It is the largest trematode found in man, measuring 40 to 75 X 12 mm., 
and is a common parasite of the pig in endemic areas. The adult is thick, brown 
in color, and has a scry large acetabulum three to four times the si?e of the oral 
sucker and located adjacent to it. The branched ovary lies in the center of the 
body with the dichotomously branched testes posterior; 
the coiled uterus is anterior to the testes. This species 
is characterized by a very long, prominent cirrus. 

The light jcllo wish-brown ova arc immature when 
passed. Under favorable conditions they remain viable 
for six or more months. The cercariac live only a few 
hours after leaving the snail unless encysted on aquatic 
vegetation. 

Metngommus Yokogavvai. This fluke is common in 
Japan, Korea, Formosa, Palestine, and the Balkans. It 
is found in cats, dogs, pigs, and some fish-eating birds 
as well as in man. The nunuic worm, 1 to 2 X 0.6 mm., 
has the acetabulum and the common genital pore dis- 
Osum 0 f Fj set do put bush l^ acc ^ to onc s,t * e ' light-) cllow ova have thin shells 
( Photomicrograph X 200 > u ‘"conspicuous thickenings at the opercular mar- 
gins, they contain miracidia with s)mmctrically ar- 
ranged internal organs, mature when passed. Under favorable conditions the 
ova remain viable for months. The cercanae cnc)st under the scales of fresh- 
water fish and reach the definitive host when this second intermediate host is 
eaten raw or insufficiently cooked 

IltTLXopiivrj Huxsoriivu. Normally a parasite of dogs and cats, this fluke oc- 
curs frequently and often tn large numbers, in man in Eg)pt, Palestine, China, and 
Japan. It is very small, 1.5 X 0-5 mm, and can be recognized by the large, promi- 
nent acetabulum; the oral sucker is much snullcr. Very characteristic of the genus 
is the large, sucker like genital pore just below and to one side of the acetabulum 
and surrounded by a collar of spines The elliptic testes he at the extreme posterior 
cod. The cuticle has scalelike spines. The eggs arc light brown, have a thick shell, 
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thtw.fl 3 M' V ' !<>P ' d ’ u S, " n T‘ rial »*» P«sed; inconspicuous, 

'f ' f °“' d " S ”7 bc v,s, . bk « •>“ of the operculum. Both fat 

and salt-water fish have been incriminated as second intermediate hostt. 

Africa et al. (1935) have reported finding several other species of heterophvi* 
(apparently not well adapted to man as a host) in the wall of the internes » 
nine out of 108 autopsies in Manila. No eggs were found in the feces and the in. 
testmal lesions were trivial; however, many eggs, 10 to 16 X 25 to 33 ft »m 
present in the myocardium in which they caused capillary embolism, areas ol 
hemorrhage, and edema. 

Echinostoma Ilocanum. Echinostoma ilocanum has been reported in man from 
the Philippines and the Celebes and in dogs and cats from other oriental regions. 
It is a small fluke 5 mm. Jong with two rings of spines around the anterior ex- 
tremity— characteristic for the species. The thin-shelled eggs are inconspicuously 
opcrculate, oval, and immature when passed. Afollusks serve as both first and 
second intermediate hosts. 

Gastkodiscoides Hominis. Normally a parasite of the pig, Gastradiscoidct ho- 
minis has been reported in man in India, China, and the Malay States. It inhabits 
the cecum 3nd ascending colon. The adult, about 5 mm. long, consists of a 
posterior, concave, disclike portion from which proceeds a teathke projectu 
bearing an oral sucker; the acetabulum is in the posterior margin of the disc. T1 
ovary is behind the testes. The greenish-brown, operculate ova are rhomboids! 
shape, tapering toward each end, and immature when passed. 

Clinical Illness. As with liver flukes, the symptoms due to intestinal tiematodt 
will depend upon the intensity of the infection. Diarrhea may result from mfectw 
with any of the species. Complaints of abdominal pain or anorexia, nausea, aw 
vomiting may be encountered. Some parasites may invade the mucosa and pm uc 
inflammation and ulceration. Heavy infections may result in death from cac 
or concurrent disease. 


The Lung Fluke ^ 

The single lung fluke infecting man, Paragommus actummi, has a ™T ' 
geographic distribution. It, or very dosely related forms, has been bap&l 
porfed in parts of South Am-- - the Orient. Pigs, dogs, cats, and van® 
wild carnivores as well asm; 

NoTtf AmrfcH^am^ls? Mdlcr and Wilbur (19-14) reported this pom 

several returning American servicemen. a ppcaunct. 

The adult flukes are reddish-brown in color and ra scc iion nidi, 

They are from 8 to 12 mm. long, oval aud a mow muud^^^ ^ ^ 
however, some flattening on the ventral surface. ^ front of 

and lies anterior to the middle of the body on th ^ UK ,„, are 

.he genital pore. The testes and ovary ate branched the ^ ^ c0 „red 
placed on opposite sides of the body, ,n from ol the testes, 
with scalelike spine 5 - 
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The golden-brown ovum has a thick shell. The operculum is definite with slight 
thickenings or shoulders at the margins. The eggs are immature when passed by 
the host and require several weeks under favorable conditions for development 
and hatching 

The second intermediate host is a crab (Potamon, Enocheir, and others) or, in 
Korea, a crayfish in which the cercanae encyst. These crustaceans arc often eaten 
raw or soaked in spiced wine in Japan and China, hut 
in Korea and Formosa where the infection is also com- 
mon, this custom does not prevail Some believe that the 
encysted cercanae may enter the body in some other way. 

The young fluke which is liberated from the ingested cyst 
is believed to penetrate the intestinal wall, migrate through 
the peritoneal cavity, and burrow through the diaphragm 
into the lung. Here they are found, often in large num- 
bers, in tunnel-like cavities or cysts lined by fibrous walls. 

They may five at least six years, possibly much longer. 

Clinical Illness. The prominent clinical symptoms re- 
semble those of chronic bronchitis or bronchiectasis. The 
cysts in which the flukes live communicate with the 
bronchi A chronic cough with abundant, rusty-brown, 
viscid sputum is usually present and hemorrhage may occur giving the disease 
the common name of “endemic hemoptysis.” Pleural p am often causes trouble 
and lung abscess may develop. Other tissues may be invaded, including the liver, 
intestinal wall, testes, prostate, lymph nodes, skin, muscles, and brain When 
located in such sites the flukes produce regional symptoms, notably a form of 
Jacksonian epilepsy when the brain is involved. Heavy infections lead to emacia- 
tion and loss of strength, and have a grave prognosis. The infection is very difficult 
to treat, the newer drugs having bale or no effect (Brown and Hussey, 1947). 

Diagnosis of Trcmatodc Infections 

The laboratory diagnosis of trcmatodc infections depends almost entirely upon 
the finding and identification of the characteristic ova. AH of the eggs may be 
passed in the frees, some of them being found exclusively in the contents of the 
intestinal tract. Of the others, ova of Paragontmut westermant normally appear in 
the sputum hut arc swallowed and found also in the fcccs m nearly onc-half of the 
cases; eggs of Sehutotoma haematobium arc passed in the urine, rarely in the 
feces, and those of S mjniom may very occasionally he found in the urine. 

Peers should be examined by the direct sme^r, sedimentation, and centrifugation 
technics (see Chapter 24), Flotation methods are not jueeesiful; the ova of blood 
flukes become distorted, the large opcrculaie 'eggs explode their cjps and become 
unrecognizable, and the small opcrculaie eggs arc too heavy to he floated by the 
solution used Hatching technics may he used for any of the ova containing a 
miraculium and have !>ccn found to give excellent results with the schistosomes. 
The actd-cthcr technic it also highly recommended for the eggs of S mantont and 



Ovum of Paragont mut 
ue nermani (Photomi- 
crograph X 200 ) 
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S ' iopwcum (Weller and D ■ IT0L0GY 

foCrx h bc a vj, “ ab,t * 

P 2T mmcm ’ * rcas on,y 58J 

■ron-brcwn flecks formed " contains minute 

“ d Cl »™‘-Lcydc„ crystals. The ova of K a T bl °° J . ™l.opUi, 

!*? lh 'y •» scarce in thc fc™ s £“**» «T be numerous in theV 
intubation (Martin ct a!., 1944) 15 u c ' verc fecovcrcd by duodenal 

Certain factor, affect the cell f ** appcared in 
fore the adults are mature, ohvlouslv'eel n thc ' Xma ' ’» infections, k- 
ty the blood flukes will „ ot exhlb 1 4fiS ' V ‘ not bc Unisexual mlmm 

individuals whose infection has LS ^TV” 3 ' ^ £s P c “ l,£i " 

area. Scarring and hyperplasia of the, . S ^° rt cxposure in the endemic 

ihc ova from passing i„, 0 the excretaMhe "nu" h" bl °° d ”“ y P ' £ ™ 
aging and death of the adults n.., m ’ h Umber of e SS s “V be reduced l, 
mumcation, 1945) found that U 5 V ^ !bo "' crs l Alcr y (personal com- 

Leyte island would show ova in their ^7 T" 0 "”" “ fectcd ™b S. t afm!cm on 
then none for several weeks °° S m considcra ^ c numbers one day and 

? c t ,i ” gui!hcd by ,hc ™ 

cautions should be 1^. Z°‘ '7 (S££ Cbp ' ££ ** ^ 

hcpatica are nnmV ll ’ , C ®» S ^asciolopsis busty and those of Fasaoh 

similar also tho* fu” 1St, " gUIshabIe; and O/JirMor^ 0 \a are very 

after careful stn \ P u^t ^ and ^ eta Z ommus t they can be identified only 
tapeworms m * ^ opcrculatc immature eggs of the pscudophyllidean 

and Echinosto % ^ ^ con ^ uscd Wlt h the somewhat similar ova of Paragorims 


fi P j l, j CStS afC V3 ^ Ue ,n sc h>stosomiasis when the diagnosis cannot be con- 
rmed by demonstrating ova; they may also be used as a criterion of cure. Cotnph 
xation, precipitin, and skin tests have been used by a number of investo- 
rs wit exce lent results; the skin test is perhaps the best aid as it combines ease 
1044^ W 0131100 Wllh aCCUracy (Culbertson and Rose, 1943; Gonzalez and Pratt, 
). llltams (1947) found complement-fixation tests using cercarial antigen 
to e very useful in detecting chronic or persisting schistosomiasis. Intradernwl 
and complement-fixation reactions with antigens from the adult worm have gnen 
excellent results in the diagnosis of fascioliasis (Lavier and Stcfanopoulo, 1944). 
As euglobuhn is increased in schistosomiasis, the aldehyde and similar tests may 
be used; other diseases which produce this change must be excluded. Recently 
Ottolina and Atencio (1943) found that biopsy of the rectal ampulla gave the 
highest incidence of infection with S. mansoni; biopsy of the liver gave the nest 
and stool examinations the lowest rate of infection. Engelhardt (1942) has re 
ported that a single provocative injection of 1.0 Gm. Bayer 205 would cause the 
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Table 62 

DtFFEREVTIVL. CHARACTERS OF TrEMAIOOE O'. A 


Species 

Size 

(in microns ) 

Special I" ensures 

Schistosoma /apontcum 

70-105 x 55-80 
Average 85 x 60 

Nunoperculaie, inconspicuous, lateral, curved 
'Pine, often not seen, contains Ritraciihum 

Schistosoma mansont 

110-180 x 45-75 
Average 155 x 65 

Nonopcrculate, conspicuous lateral spine, 
contains miraCidium 

Schistosoma haematobium 

110-170 x 40-75 
Average 150 x 60 

'sonopcrculatc; conspicuous terminal spine; 
contains nuracidium 

Clonorehtt sinensis 

27-35 x 12-20 
Average 29 x 16 

Distinctly operculatc; contains asymmetrical 
miraculium; bght-bulb-shapcd; shoulders 

npislhorchts fetineus 

Average 30 x 12 

Distinctly opcrculaic; contains asymmetrical 
nuracidium, shoulders not pronounced 

O pis those hn ttterrini 

Average 26 X 13 

Distinctly opcrculaic, contains asymmetrical 
miraculium 

fasciola hepattcJ 

130-150 x 65-90 
Average 140 x 60 

Indistinctly opcrculaic, immature, yolk gran- 
ules concentrated around nuclei of cells 

rascsohpsis bulb 

130-140 x 80-90 
Average 135 x 82 

Indisuncdy opcrculaic; immature; yolk gran- 
ules evenly distributed in volk cells 

Heterophytt hetcrophyei 1 

28-30 x 15-17 
Average 29 x 16 

Distinctly opcrculaic; contains symmetrical 
rruracidium, shoulders not pronounced 

Metagommus yok°gauas 

26-28 x 15-17 
Average 27 X 16 

Distinctly opcrculaic, contains symmetrical 
nuracidium, shoulders not pronounced 

r i ht no stoma 1 1 os an urn 

85-115 x 55-70 
Average 90 x 60 

Indistinctly opcrculaic, immature when passed 

CastroJiseoiJes hominn 

150-170 x 60-70 
Average 160 x 65 

Distinctly operculatc. immature, rhomboulal, 
tapering toward poles 

Paragon, mus *, Herman, 

75-120 x 45-65 1 

Average 95 x 55 

Distinctly operculatc, golden-brown, imma- 
ture; shoulders distinct but not pronounced 


ova t>f S. haematobium to appear in the urine within 18 hours in latent eases. 
Proctoscopy (Faust, 1946) and sigmoidoscopy (Warren, 1947) have been found 
valuable in the diagnosis of S. jjponicum infections in American servicemen. 

Adult flukes may be recovered at autopsy, or intestinal flukes when passed in the 
feces after treatment, and identified by their characteristic structure (see key. 
Chapter 24) 







CHAPTER U 


The Tapewoims or Cestodes 


The tapeworms of man are almost all cosmopolitan in distribution and hijMj 
host specific. They cause severe disease in only exceptional circumstances, and a 
a rule the person harboring the parasites is unaware of their presence. These facts, 
in addition to the great specialization for parasitic existence as evidenced by the 
tapeworms anatomy, indicate that the cestodes were probably parasites of ances- 
tral man. 

Classification. The class Cestoidea includes a very few primitive forms which 
are unsegmented, the subclass Ccstodana, and the very numerous segmented tape- 
worms, the Cestoda; all the forms found in man belong to the latter subclass. Only 
two orders of Cestoda contain parasites of man: The more primitive order, the 
Pseudophyllidea, contains tapeworms with a complex life cycle imolvmg two in- 
termediate hosts, a characteristic scolex with slithkc grooves, a uterine pore through 
which eggs arc laid, opcrculatc ova, and a ciliated larval stage. The other orJer, the 
Cyclophyllideu, contains forms with only one intermediate host or none, a scolex 
with four cup-shaped suckers, nonoperculate ova, and without a uterine por* 
or a ciliated larval stage. For convenience the various species found in man n»f 
be divided into two groups: 

Intestinal Tapeworms — Adults living in the intestinal tract of man and others^- 
tebrates; larvae in the tissues of vertebrates or arthropods. 

Somatic Tapeworms — Larvae occasionally living m the tissues of man; aJulu ia 
vertebrates. Taenia solium, normally belonging to the first group, may ^ 
dentally develop larvae in man and must be considered with both. The ^ 
tapeworm which normally produces larvae in man is, for practical reasons, cv 
sidered only With the intestinal tapeworms. 

Intestinal Tapeworms: 

Diphyllobothrium latum (Linnaeus, 1758) Luhe, 1910 
Dipylt'dium caninum (Linnaeus, 1758) Failhet, 1892 
Hymenolepts natia (v. Siebold, 1852) Blanchard, 1891 
Hymenolcpis dimintita (Rudolphi, 1819) Blanchard, 189 
Taenia saginata Gocze, 1782 
Taenia solium Linnaeus, 1758 

Somatic or Tissue Tapeworms: 

Echinococcus granulosus ( Batsch, I / 86) Rudolp » 

Diphyllobothrium species 
Taenia solium 
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In addition to these species which have been reported in many cases, there arc 
approximately twenty others which are rare, accidental, or spurious parasites of 
man. A standard reference on helminthology should be consulted for information 
concerning them. 

Morphology. Adult tapeworms are ribbon-like flatworms composed of a minute 
“head” or scolex, a neck; and usually a long series of segments or proglottides; 
with very few exceptions they are parasitic in the intestines of vertebrates. The 
scolex is more or less enlarged, globular or oval in outline, and structurally adapted 
{or attachment to the intestinal wall. Immediately behind the scolex there is usually 
a slight constriction which is termed the nec\; this is the budding zone composed 
largely of gcrminative tissue from which proglottides arc formed. The segments 
arc budded off at the posterior portion of the neck and, as they are pushed pos- 
ter i or 1 y by new proglottides, gradually develop. The proglottides may be grouped 
into regions according to their maturity; thus there is an immature region near the 
neck, a mature region near the middle, and a gravid region at the end, each region 
consisting of immature, mature, and gravid proglottides respectively. The scolex 
contains nervous tissue and the beginning of the water-vascular (excretory) system. 
There is no digestive system, nourishment being absorbed directly from the in- 
testinal contents of the host. 

Anatomically a tapeworm may be considered as a series of individual flukes 
untied into a single tapelikc colony. The proglottides may be regarded as sexually 
complete, hermaphroditic individuals, practically “egg factories " They arc covered 
by an clastic cuticle and contain striated elliptical bodies composed of calcium 
carbonate. These calcareous corpuscles vary from 5 to 25 n in size and arc charac- 
teristic of cestode tissue. Besides the sex organs, the proglottides contain a slender 
nerve fiber near each lateral margin and running the entire length of the worm; 
also a pair of excretory canals which usually communicate with each other by a 
transverse canal. The segments vary in number from three in Echinococcus to 3000 
or more in Diphyllobothrium latum. 

The reproductive s) stems closely resemble those of the flukes. Each proglottis 
contains a central uterus, often with a varying number of lateral branches, otanes 
(near the ventral surface), and vitelline glands for the secretion of yolk. A vagina 
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leads from the genital pore to the teceptaculum setninis and to the oviduct which 
is connected with the uterus in which eggs accumulate. There are also minute 
testes (from three to many in the tapeworms of man), a system of collection 
tubules, and a vas deferens opening at the genital pore and differentiated at its 
terminal end into an intromittent muscular organ, the cirrus. Ova may be fertilized 
by sperm from the same segment, from other segments of the same worm, or from 
other worms. The eggs are not discharged through the genital pore. 

Two rather divergent types of reproductive systems are represented in the tape- 
worms. The first type is seen in Diphyllobothrium and its relatives; two genital 
openings are found on the surface of the segment, the male-female gonopore and 
the uterine pore; eggs arc laid continuously by the gravid proglottis through the 
latter. The second type is found in all other tapeworms of man. A single for some- 
times double) genital pore is present at the side of the proglottis. The uterine 
pore has disappeared entirely and eggs cannot be laid; they remain in the uterus, 
dilating it into various patterns or forming little pockets, and the release of the 
ova is dependent upon the dissolution of the proglottis. This disintegration mi) 
occur in the intestine and then numerous eggs may be found in the feces;* in other 
cases one or more gravid proglottides may detach themselves and be passed in the 
feces. In the case of Taenia saginata the segments may wriggle out of the anus or, if 
the feces have been deposited on the ground, may creep away into the grass aod 
there disintegrate, liberating eggs where they are likely to be eaten by a cow. 

Many of the immature stages are peculiar to the single species found in man; « 
such cases the description given applies to that species. 

Egg or Ovum. An egg or ovum is a shelled structure produced by the mature 
prOglottis and containing cither a mature embryo or a zygote and numerous )° 
cells. Two types of ova are encountered’ the pseudophyllidean tapeworm has 
operculate egg similar to that of certain flukes; the cyclophyllideans have noaoper 
culate ova in which three pairs of hooklets are visible. 

Coracidium. The coracidium is- the larva which hatches from the egg o 
pseudophyllidean tapeworm. It is a ciliated, spherical, free-swimming form, us 


about 50 to 55ft in diameter. , . . i 

Onchosphere, Hexacanth Embryo or Six-hooked Embryo, This is 1 ® 
which hatches from the egg of the cyclophylhdcan tapeworm; so t » 
mains after the disappearance of the ciliated coat of the coraci *» ■ 
fundamental embryonic form in all tapeworms; from it eve op 
the different species. mrral inds the iv 

Embryophoke An embryophore is a cellular covering » j. called 

vcloping onchosphere of cyclophyllidcan tapeworms, t is o . . con' 

the CSS shell, especially in Taenia sohum and T. ragmara. Some aulhor 
sider the ciliated coat of the coracidium to be an embryop ore onrhoipke" 

Tl^coinURV, ms is the larva! form 

of the pseudophyllidean tapeworm. It is an otoic I o P £ h)th bears the >“ 

50/* long with a posterior spherical protuberance ( 
larval hooks. 
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Plerocercoid or Sparganum Larva. This is a larva developing from a procercoid. 
This form has lost the larval hooks and has developed a wormlike body with an 
anterior invagination. It is about 8 to 16 mm. long. 

C\ sticercoid Larva. This Is the larva which develops from the onchosphcre of 
Hymenoleptr and Dipyltdium. It has an invaginated scolex and a solid tail. 
Cvsticercl’s Larva. The cysticercus larva is that which develops from the on- 
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fZfeg' d r. ; a e ;„a,a. It has a single scolex imagined to. 

3 single fluid-containing bladder; it .s 6 to 12 mm. in diametet. 

Coenurus Larva. The coenurus larva develops from the onehosphere of Udu 
cep, - mah, ccpt. It is rarely found in man. It possesses many invagituted seolires 
within a single fluid-containing bladder. 

Hydatid or Echinococcus Larva. This larva develops from the onehosphere of 
Echinococcus granulosus. It is characterized by having many invagituted scolicts 
and many daughter bladders inside a mother bladder. 

These last three larval stages form an interesting scries showing increasing com. 
plexity. One adult tapeworm may develop from each cysticcrcus, hundreds from 
each coenurus, and thousands from each hydatid. 


Intestinal Tapeworms 

It can be expected that the cestodes which require only one host will be the 
most prevalent, those which utilize man and a domestic animal will be almost cos- 
mopolitan, and finally those which need two intermediate hosts will be least com- 
mon. Since most of the intestinal tapeworms of man fall into the first two cate- 
gories, it may be said that tapeworms arc found wherever man resides. 

Morphology. Adult tapeworms differ greatly in their size and the number of 
proglottides; this is most easily presented in tabular form: 


Table 63 


Size a\d Number of Proglottides of Intfstival Tapeworms 


Spectre 

in 

No. of Progloltidet 

Ihphyllobothnum latum 

300-1000 

30 00-4000 

Tamm solium 

200-700 

800-1000 

Taenia sagmaia 

•100-800 
(occ. lo 2500) 

1000-2000 

Hymcnolepis nana 

25-59 

100-200 

Hynienolepu dinunnia 

10-60 

800-1000 

Dipyhdtum camnum 

15-70 

60-175 


Life Histories and Transmission. As was done with the flutes, the ‘ lf ' 
of the cestodes are discussed together and outlined by diagram. ? 
this group are presented in a series in which the outermost, . j n . 

latum , shows a primitive type of life history involving one e ^ ^ - jpe . 
termediate hosts; and the innermost, Hynienolcpis nana, e 

cialized adaptation requiring but a single host. . . a(tcr being ^ 

The ova of all tapeworms pass ou, with the feces ‘ kher t* ^ „ 
(t Diphyllobothrium ) or within gtavtd [proglottides w S f 

after passage (Taenia, Hymenolcp,,. Dtfybdwm). upon ,tad»S 

,Mul ate laid they ate immature and develop to . = m*ai» - 

water; the ova of the other species listed are malu 
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mature onchosphere. These ova and the coracidium of Diphyllobothrium must be 
ingested by an appropriate intermediate host in which the larval stage develops. 
Adults develop in man or other definitive hosts when the larval stages are ingested 
with the tissues of an intermediate host. 

Prophylaxis. Man becomes infected with intestinal tapeworms exclusively by 
ingesting infective stages. These may be ihc ova, as is the case in Hymenolep'ts 
rtana, the larvae in food, as in Diphyllobothrium latum and the Taenia species; or 
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«***- -•«. - 

which may be infected and in a vr pruna " \ in contro,iin g 2nd treating food 
infective ovaor hmeis likely? ^ ^ ■“ 'M 

T s i n fi!h to-). W(1V» 

tisLs i i ? may " ™ ,Mcd by thorou S% cooUng the 

not been a I i ■ Fr T'" S> dry, ” & p,ckllns ’ smot ' n g. and salting of fish tat 

” , r r r y s ; r d ° nc Mnnot ^ « ih - p™-*™ « ?««. 

Prol n, cd refrtgeratton -10° C. or lower for six days) or proper heating . 
pickling ml destroy the larvae in beef or pork. Inspection of meat at the time of 
slaughter will disclose most infections, and the carcasses of beef or pork mavthta 
be appropriately handled. Treatment of infected persons and sanitary disposal of 
human feces is important for those species having only man as a definitive host. 

In tapeworm infections acquired by ingestion of the infective larvae in arthro- 
pods the transmission is usually accidental. Children are more often infected be- 
cause of their closer association with domestic pets. Control may be obtained by 
encouraging and enforcing personal habits of cleanliness, by simple limitation of 
pets, or, if this is not practical, by treating pets periodically to remove both the 
tapeworms and the insects acting as intermediate hosts. In Hymenolepis nou 
where the infective ova are ingested, habits of personal cleanliness are of utmost t 
importance. 

Species: Diphyllobotiirium Latum. The broad fish tapeworm is the only im- 
portant pseudophyllidean cestode found in man. It is common in the lake region* 
of Scandinavia, Russia, Switzerland, Bavaria, central Asia, Japan, and central Afnca 
It was introduced years ago into the region of the Great Lakes of North Amftia 
and several cases have recently been reported from Florida. Dogs, cats, bears, and 
other fish-eating mammals serve as a reservoir of infection. Tottcrman (19-H) be- 
lieves that 14 per cent of all Finns are infected with D. latum. 

The scolex is olive-shaped, 2 5 mm. in length, and has two deep suctorial grcx»« 
(bothria) on each side; rostellum and hooklets are absent. The uterus is rosette 
shaped; separate uterine and genital pores are locate on 
the ventral surface. Each gravid segment periodical 
charges eggs in large numbers in the feces, up to 1, > 
daily. The eggs are operculatc, golden-yellow in c° i 
with a thin shell enclosing a central mass o 8 ran 
spherical segments. . ^ 

When an egg reaches fresh water, segmentatio ^ 
ceeds if the temperature is favorable, and a t« ( ^ 



Ovum of Dtphylloboth - 
num latum. (Photomicro- 
graph x 200 ) 


weeks the operculum opens 


, release the ciliated ten- 


cidium. The latter can 


live for several days w 


swimming about until swallowed by a 


u$u* c3fl 


Oivcu “ _ 

(i Cyclops or Diaftomm sp.), the first intermediate host. Tiie a> ^ ^ ^ fW . 
its ciliated covering, pierces the gut wall, and deve ops 1 g A (pit, 

cercoid larva. When the crustacean is eaten by certain Ires 
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pickerel, perch, trout, salmon), the second intermediate host, the larva pene- 
trates the stomach wall and passes into the muscles or other tissues where it 
develops into the plcroeercoid or sparganum larva. Large carnivorous fish may 
also acquire this stage indirectly by ingesting smaller infected fish; sparganum 
larvae arc able to rcinvadc and live in host after host. When viable larvae in the 
fish arc ingested by man or other suitable definitive hosts, they are liberated in the 
intestine and develop rapidly into adults. In five or six weeks one may reach a 
length of 2 feet and begin to discharge eggs; it may live for years. 

Talnia Sacinata and T. Solium. The beef and pork tapeworms are found 
throughout the world wherever beef and pork are eaten. Next to Hymenolepis 
nana, the beef tapeworm ( Taenia sagmata) is the most common cestodc of man. 
The two taenia species arc very similar morphologically; differentiation is made 
primarily on the gravid proglottides, secondarily on the scohces, and rarely on the 
mature segments. 

Distinguishing Fea hikes op T. sacinata and T solium 



Taenia sagtnaSa 

Taenia solium 

Scolcx 



Shape 

Pearhke 

Globular 

Size (in mm ) 

1 to 2 

1 

Roviellum 

Absent 

Present 

I looks 

None 

Double row 

Mature proglottides: 



Testes 

About 150 

About 300 

Ovary 

Bilobed 

Tntobed 

Gravid proglottides 



No of main uterine branches 

Range 15-30 

Range 5-13 


Average 20 

Average 9 


The eggs arc very similar and the species cannot be distinguished by them; 
those of T. saginata may be slightly more ovoid. They possess a thin, transparent 
outer shell which is usually lost when the segment disintegrates. Within the outer 
shell there is a thick, porous, radially striate layer, the embryophorc, containing 
the embryo proper (the onchosphcrc) with three pairs of booklets. 

The life cycles arc very similar except for the intermediate hosts. Only two 
hosts arc ever involved, man and bovincs or man and hogs. After ingestion by 
the cow or pig, the onchosphcrcs arc liberated and penetrate the intestinal wall, 
migrating by way of the blood anJ lymphatics to certain tissues, cxpccially the 
diaphragm, heart, tongue, and other organs where they become encysted as 
cvsmrrci The larvae of Taenh saginau arc usually smaller than those of T. 
solium man may serve as the intermediate host of the latter, but all reports of the 
larval stage of T. ugtruu occurring in man arc open to question. The absence of 
booklets on the tcolcx of Cysiifereus bom distinguishes this larva from that of 
the pork tapeworm. CyUnrrcui celluloid*. Development requires about three 
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in nun and » ,£ ™ ^ “*“ ,apc ''' orm “ Ac ma,k “ ° f 

l n f T f TTu SPCC '" “ fc UOittd S ‘«“' *• to » 

U mobllv 1', T , Ch,W ' tn “ P lrts “ f My 3 « i«fc«ed. This hebM 
Th “ y ldent,cal , w,lh 3 ‘ ro ' nm “> »t tapeworm, II. nan var. /««« 

The adult worms live « the upper iltum Md arc oftcn numOTM _ I000 ,, 

‘™ ,° r ?" C ; Thcr ' “ 3 l3 "«I B«>fal P»«. M the same side of all n w„ ts 
. , (0 t 3 ““■) 1,35 fout s " ck '« end a rerraetilc rosidlum encircled bp 

stogie row of 20 to 30 hooklets. The ova are liberated by iUmcgmm of ,k 
terminal segments of the adult worm. They are oval, colorless, and translucent 
wit a in outer shell and an inner membrane leaving a zone about 7yi wide 



(Left) Ovum of Toerua. {Right) Ovum oi 
Hymenolepti tiana, (Photomicrographs X 200 ) 


between them. At each pole of the inner shell there is a slight protuberance from 
which arise four to eight long filaments; these lie in the zone between the t«° 
membranes and partly encircle the embryo. The latter contains six cofl$pirt® aJ 
booklets. 


Unlike other cestotles of man, this parasite requires no intermediate host. Io 
the rat, and probably in man, the embryo is liberated from the ingested egg < n 
small intestine and penetrates a villus in which it encysts as a c) sheered 
larva. A rostellum with hooklets appears after four days’ doclopmcnt. The Una 
then leaves the villus, re-entets the lumen of the boivel, and attaches itself to 1 e 
mucosa. Development is rapid so that eggs appear in the feces after about OTC 
month. They are infective as passed, and it is therefore easy for the host to 
supexinfccted if feces are conveyed to the mouth by dirty fingers. Contain^ ^ 
of food by feces of infected rats is probably the usual source of in ^ 

also possible for hyperinfection to take place; in this case the egg* 1 
the intestine immediately hatch and their onchosphcres penetrate t c «* 
wall. This phenomenon has been observed in mice. 

HvMEtfoUPts Diminuta, This fiavo-punctatc tapeworm o n>»« aft n 
been found many times in man, chiefly in children. The scolcx j, at & 

and a rostellum without hooklets. The ova resemble t osc o * $ ffa 

larger, have a thicker, radially striated outer membrane, an n 
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(Left) 0»um of Hymenolepis dimmuta. (Right) Ova of Dipyhdium eanmunt (Photomicrograph* 
X 200) 

intermediate hosts arc various species of insects and myriapods, including the 
rat flea whose larvae ingest the eggs. Man and rodents acquire the parasite by 
swallowing the infected arthropod 

Dipvlidium Caninum. Tins is a common tapeworm of dogs and cats and has 
been occasionally found in man, chiefly in children. The head has four suckers 
and a rostcllum with usually three or four rows of encircling hooklcts. The eggs 
arc similar to those of Ilymenolcpis nana but arc grouped in packets ol 5 to 25. 
The gravid proglottides often do not disintegrate until after passage in the feces. 
The parasite is acquired by swallowing infected fleas or lice, the intermediate 
hosts. The flea is infected in its larval stage. 

Clinical Illness. The presence of ccstodcs in the intestinal tract of man is 
usually accompanied by rare or minor symptoms. Heavy infections may affect the 
nutrition of the host by absorption of food or interference with digestion. The 
well-known macrocytic anemia seen in diphyllobothriasis is a very rare complica- 
tion, about two or four cases per thousand in Finland. 

Diagnosis. The laboratory diagnosis of the intestinal tapeworms is made by 
finding and identifying the characteristic ova or proglottides in the feces; occasion- 
ally sc ol ices may be recovered and identified. The only certain criterion of cure is 
the finding of the scolcx of the worm; if the head is not removed the worm may 
regenerate The hunt is often laborious and difficult. Methods of finding the ova 
or embryophores should include the direct smear, sedimentation, and centrifuga- 
tion (see Chapter 2-1). Flotation technics arc not satisfactory for the operculatc 
ova of Dtphyllobothnum or for the embryophores of Taenia saginata and T. 
solium; however, they give excellent results with Ilymenolcpis nana and II. 
dmunuta. Russian workers and others have recently shown a substantial increase 
in positive diagnoses of Taenia saginjia by scraping the perianal skin The Nil! 
ssvab and the scotch tape technic should both be applicable; such methods may tie 
of value for T. solium. 

Where gravtd proglottides arc passed unbroken in the fcccs ( DtpyhJium , 
Taenia) screening methods must l*c used. A saline purge will usually cause some 
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Table 64 


Differential Characters of Cestode Ova 


Species 

Size ( tn microns) 

Special Features 

Dtphyllobothnum latum 

55-75 X 40-55 
Average 70 X 45 

Indistinctly opercuiate with knoblit 
thickening on abopcrcular end; imma- 
ture 

Taenia solium 

30-40 (diameter) 
Average 35 

Nonoperculatc; cmbiyo with honks; thiii, 
brown, radially striated tmbsyopWe 

Taenia sagmata 

30-40 X 20-30 
Average 35 X 25 

Nonopcrculate; embryo with hooks; thick, 
brown, radially striated embiyophore 

Hymcnolepts nana 

30-60 (diameter) 
Average 47 X 37 

Nonopcrculate; embryo with Sir hooks, 
poles of inner shell with filaments 

Hymenolepis dtmmuia 

70-85 X 60-80 
Average 72 X 65 

Nonopcrculate, embryo with sir hooks; 
poles of inner shell without filaments 

Dtpylidtum cantnum 

20-50 (diameter) 
Average 40 X 36 

Nonoperculatc; embryo with si* boots, 
usually in packets of 10-12 os» 


of the segments to break away and they may then be recovered; this procedure 
may be followed when the only proglottides passed are degenerate and not identi- 
fiable. The gravid proglottides and other sections of the adult worm may b< 
identified by the key (Chapter 24). Thirteen or less main uterine branches on cadi 
side identify T. solium, fifteen or more T. sagmata ; the pinkish gravid proglottis 
with two gonopores and containing a large number of egg sacs is characteristic of 
Dtpylidtum 

Man's immunologic response to the intestinal tapeworms is generally sl'gbt, 
and serologic and allied tests have not proved satisfactory. 


Table 65 


Differential Characters of Gramd Proglottidei 


Species 

Size (su mm ) 

Special Feature / _ 

Dtphy Uobothnum latum 

2-4 X 10-12 
“broader than long” 

Rosette-shaped, coded uterus; no h' <r 
gonopore _ — 

Taenta sagmata 

16-20 X 5-7 
* longer than broad * 

15 or more main uterine branches.’ » ,n *’ 
lateral conopote 

Taenia solium 

10-12 X 5-7 
‘longer thin broad" j 

13 or Ins man hurt! mam to* ' 

circle lateral gonopore - 

- — ■ — 1 . . ._j, lateral 

Hymenolepis nana 

0 15-03 X 0.8-0 9 
“broader than long" 

1 Uterus irregular, saclike; S 

gonopore « — ' 

1 1 „ «,nfle lateral 

Hymenolepis dimmuta 

075 X 25 
"broader than long” 

Uterus irregular, sadike, S 

— , — .f ucefu* 

Dtpylidtum cantnum 

10-12X2.5-3 0 
‘longer than broad” 

Two gonopores on each scf 
w ith pol)fonal egg stes _ — - 
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Somatic Tapeworms 

Man serves as an accidental intermediate host for the larval stages of certain 
cestodes; the definitive host is a mammal, in one case nun, which harbors the adult 
tapeworm in its intestine. The usual intermediate host must be slaughtered or 
die of disease, and us tissues containing the larval cestodes be devoured in order 
to complete the life cycle. Thus the parasite with the greatest pathogenicity and 
most often causing death has the best chance of transmission and survival. It 


LIFE CYCLES OF IMPORTANT HUMAN TAPEWORMS 
In Which Man is Accidental Host 



icolcntl! hotL 
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Eggs of the three cyclophyllitlcan tapeworms are discharged with thc freer of 
there respect, ve defimtive hosts. When these ova are ingested by man, hatching 
CKXUrs in ihc small intestine, thc onchosphcre penetrates thc intestinal nail to 
reach the body tissues, and the larval stage develops. Here the life cycle ends 
unless human flesh is eaten by an appropriate definitive host. The customs of the 
luman race have made this a very rare occurrence and, as a result, these lanac are 
usually in a blind alley or cul-de-sac in man. 

Prophylaxis. Infection by thc somatic tapeworms is acquired almost exclusively 
by ingestion of the infective eggs; only in some eases of sparganosis is the parasite 
acquired by contact. Control depends primarily on good habits of personal eleanli 
ness, and education of thc population as to thc dangers of too close an association 
with thc reservoir host from which man is infected. Because of the great danger 
of self-infection, every case with Taenia solium should be treated immediately. 

Artificial immunization of dogs and lambs against Echinococcus is a valuable 
control measure (Barnett, 1945). Treatment of dogs each year, slaughter of 
sheep at five months of age, and thc migration of people from rural to urban 
areas have had great effect in thc reduction of thc incidence of echinococcosis in 
Iceland (Dungal, 1946). 

Species: Echinococcus Granulosus. The usual hosts for the larval stages of this 
parasite arc cattle, sheep, and hogs; the definitive hosts, thc dog, wolf, or other 
carnivores. The infection occurs in man wherever he lives in such close association 
with the definitive hosts that his hands or food become contaminated with eir 
feces. The disease echinococcosis is found in Iceland and Arabia and in pam ^ i 
central Europe, North and South Africa, South America, New Zealand, an ^ j 
tralia. Dungal (1946) reports that at one time 50 per cent of all Icelan j 

infected but that now the disease is seen only in the older people. It is rare 
United States although it has been reported to be common in hogs in some 
The infection is also known as hydatid disease, from the type of encyst* . 

The adult worms are minute, 4 to 5 mm. long, and live in t e sma ^ 
of the definitive host. The head has four suckers and a rostc on ' cnc ’ I 

two rows of hooks. There are usually three (sometimes our or ^ J 

the terminal one larger than all the rest of the helmint an V* c ^ I 

The ova, found in the feces of dogs, closely r « e J lb,e 1 os . penetrate* 

Upon ingestion the egg loses its membrane and the liberated embryo p 
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the intestinal wall. It then usually passes to the lher (60 per cent), probably 
through the portal vein; it may be carried to lungs, kidneys, spleen, omentum, 
heart, brain, eye, or elsewhere but, as a rule, only one organ is involved. Within 
the organ penetrated the larva becomes enclosed 
in a cyst wall made up of two layers; the outer 
layer is thick, laminated, and elastic so that it 
Curls up when incised; the inner layer is made 
up of a protoplasmic matrix containing numer- 
ous nuclei. A pro teem c capsule is formed 
around the cyst by the tissues of the host Bud- 
like processes arise from the inner or germinal 
layer; these become vesicular and are known as 
brood capittles Numerous scoliccs arc produced 
by a process of localized proliferation and in- 
vagination of the wall of the brood capsule. Each 
is about 0 175 mm in diameter, is borne on a 
pedicle, and shows suckers and two rows of 
hooklcts Some of the brood capsules separate from the wall and settle to the 
bottom of the cyst as a fine, granular sediment known as “hydatid sand"; 
liberated scoliccs may also be present. 

As the hydatid cyst gradually enlarges, reaching a diameter of about 10 cm. 
after 10 months, invagination of the wall may give rise to daughter cysts (possess- 
ing a laminated external layer as well as a germinal layer) but such secondary 
cysts usually arise by development from b rood capsules or scoliccs. Granddaughter 
cysts may arise from them in a similar manner. There is a continuous formation 
of brood capsules and scoliccs within each cyst. Growth may continue for several 
>cars, and the cyst may attain the size of a child’s head; usually it is smaller. It has 
been estimated that as many as 2,000,000 scoliccs may thus develop from a single 
ovum Occasionally a cyst is barren, containing no scoliccs. When the contents of 
the cyst arc eaten by the definitive host, each scolex may develop into an adult 
worm 

In some cases no effective encapsulation occurs, and the daughter cysts develop 
by cvagination of the cyst wall. This results in the formation of a mass of small, 
discrete vesicles, much like a bunch of minute grapes, which tend to infiltrate the 
surrounding tissues and even to metastasize to other organs like a malignant 
tumor (“Gallcrtkrebscn''). These occur most often in the liver, especially in cattle. 
Because such mutnloruhr or uhcolar hydatids arc common in man in certain 
districts (southern Germany, Russia) but arc almost unknown m others, the 
parasite has been regarded as a distinct species, H mulnlocutjrts. present evidence 
it against tins concept When the larva becomes localized in l«»ir, a third type, 
the vt ictus eyst, may develop. 

Tuvu Solum. The larva of this ecstode is known as Cysticcran tdlulotjc and 
produces the disease known as cystncnons. Eggs ntay be ingested by man, or 
tcgLirgtutcil ,n(u *hc stomach from an adult worm situated in the intestine; they 



Single scolex of Echinococeui gran' 
ttlosus. (Photomicrograph X 200) 




592 


PARASITOLOGY 



Cysticcrcus larva of Taenia solium. (Top) Entire Jarva. (Bottom) Section of larva to »6°*' r ^°° 
(Photomicrographs (top) X 10, (bottom) X 20 ) 


then undergo a development with an invasion of tissue similar to that 
occurs in hogs. Any organ may be involved, frequently the brain and occasto 

Investigation of cysticercosis in Mexico and in English soldiers returning^ ^ 
India has stressed autoinfection or possibly hypennfcction as the source 
disease. Dixon and Hargreaves (1944) in a study of 284 cases oun 1 
cent had a history of infection by the adult T. solium. It then eco 
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important to recognize the proglottides of T. solium when present in the feces, 
to enforce rigorous precautions to avoid ingestion of eggs, and to institute prompt 
treatment. 

Dipiiyllobotiirium Species. The plerocercoid or sparganum larvae of certain 
species of Dtph'jllobothrium cause a disease in man known as sparganosis. D. 
mamonoides and related species are pseudophjllidean tapeworms which arc found 
as adults in dogs, cats, and other carnivores; sparganosis occurs most commonly in 
the Orient hut is found in other regions of the world, including Africa, Holland, 
and the United States. Man acquires the larval stage in one of several wajs: (1) by 
drinking water containing microcrustaceans infected with the procercoid larvae; 
(2) by the use of fresh frog tissue as a poultice for sore eyes and wound*; the 
plerocercoid or sparganum larvae then are transferred to human flesh; (3) by 
accidentally ingesting the plcroccrcoids when handling infected frogs or fish. 

Clinical Illness: Echinococcosis. Echinococcosis of the liver is usually symptom* 
less in the early stages; a tumor may be palpable. Large cysts on the convex sur- 
face may be mistaken for a pleural effusion. The symptoms are those of a liver 
abscess when the contents become infected. Rupture may occur spontaneously 
into the peritoneal cavity, pleural cavity, or lung; less frequently into the gastro- 
intestinal tract or other tissues. Cysts which do not rupture eventually cause grave 
injury as a result of pressure and destruction of tissues. Anemia, emaciation, and 
weakness develop, and death usually occurs within a few years unless complete 
surgical removal is accomplished. Barnett (1945) emphasizes the danger of tapping 
an echinococcus cyst and gives an excellent summary of the knowledge of the 
disease He give* the dictum, “a hydatid cyst is nearly as old as its host.” 

Involvement of the lung occurs in about 12 per cent of the cases and is more 
serious than cysts of the liver. Early symptoms include cough, small hcmopt)scs, 
bouts of fever, and transient physical signs, all suggesting early tuberculosis. Later 
symptoms suggest a tumor or abscess. Rupture may occur into a bronchus or into 
the pleural cavity. If such an accident is not quickly fatal, recovery may occur 
spontaneously or after surgical drainage. Eosinophilia is usually present Barrett 
and Thomas (1944) believe the lung cysts should never l>c aspirated. Occasionally 
eases of hydatid of the lung arc seen in the United States (Mathiescn, 1947). 

JhiJjm) of the bone always leads to a grave prognosis; in the spine, Castro 
(1944) believes it to be uniformly fatal. 

rviTK LKCOSH. Cjsticcrcoiis will vary in severity, depending upon the tissue or 
organ parasitized and the number of larvae present. In a favorable site the larvae 
will eventually die and become calcified with few or no symptoms. A single 
cysttccrcus in the brain or eye may obviously produce severe damage; those in 
the brain may cause a Jacksonian type of epilepsy. 

Spvscasosis. Sparganosis may produce local pathologic lesions at the site of in- 
fection. Involvement of the ocular region may be serious. Lesions of the skin arc 
less important unless the number of larvae is large. 

Diagnosis. Sctologic and allied tests offer the most practical method of diagnosis. 
Since the somatic forms cause profound tissue damage anJ produce a powerful 
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immune response, such tests are much more important in these diseases than is 
the intestinal infections. The reactions are o[ a group character and must be cut 
fully evaluated. In some cases a negative reaction does not exclude the possiMt; 
of infection. 

The most delicate and specific test for echinococcosis is the intradermol or 
Casoni reaction. Complement-fixation and precipitation tests arc also available 
but are of less value except in old or complicated cases. Similar methods arc used 
with somewhat less reliable results in the diagnosis of cysticercosis. Sparganosis 
has been successfully diagnosed by serologic tests in monkeys and in a few in- 
stances in human beings (Mueller and Coulson, 1942). Grana (1945) gives an 
excellent summary of the serologic methods of diagnosing echinococcosis. 

In cases where a lung cyst has suppurated or a liver cyst has ruptured into a 
lung, fragments and hooklets may be found in the sputum. Exploratory aspiration 
is dangerous; if leakage of fluid occurs or if the cyst ruptures, a violent reaction 
follows, anaphylactoid in type. The scattered scolices tend to become implanted 
and give rise to new cysts. Again the diagnosis is made from the identification of 
free scoliccs or of scattered hooklets from those that have disintegrated. 

The cysticcrcus larvae may be diagnosed after biopsy or at autopsy by die 
typical miniature scolex of Taenia solium. Very often it is impossible to excise 
the encysted larvae because of their location in the body. Rocntgen-ray exammation 
is of value, especially where calcification has occurred. Hydatid cysts of the lung 
are characterized by their sharp outline. 



CHAPTER 23 


The Roundworms or Nematodes 


The nematodes arc among the most ubiquitous of all invertebrates, enormous 
numbers of free-living forms inhabiting almost every possible environment in 
addition to the large number of parasitic species. They have a simple organization 
which combines high resistance to unfavorable environment with great powers of 
reproduction. As a consequence they arc one of the more successful groups of 
animals but arc remarkable in that they show little similarity to any other animal 
phylum The roundworms are the most common and important helminth parasites 
of man. 

Classification. The classification of the Nemathelminihes has always been 
difficult because it involves the correlation of the free-living roundworms, many 
of which arc inadequately known, with the parasitic forms. The system most 
generally followed is that of Chitwood (1936) which divides the nematodes into 
two groups, mainly on the basis of their sense organs and excretory systems. The 
first group, Aphasmtdut, includes forms that arc primarily aquatic, among which 
few parasites of man have evolved. The second group, Phasn udia, contains species 
that arc fundamentally soil-inhabiting and also the great majority of roundworms 
parasitic in man Only members of the order Enoplida belong to the first group. 

It is more practical for the student or technician to consider the nematodes 
under two groups: intestinal nematodes, including forms in which the adult yuum 
lives in the intestine or intestinal mucosa, and somatic or tissue nematodes, in- 
cluding species in which the adult inhabits the tissues of man, other than the 
intestinal mucosa. Tnchmclla spiralis is more or less unique; although the adults 
live m the intestinal mucosa, it differs from the other species m life history, 
clinical illness, prevention, and diagnosis and will be considered separately. 

[mesiinal Nematodes: 

■ Tru hurts tru hiura (Linnaeus, 1771) Stiles, 1901 
•Strvng)Ioides ttercorahs ( Bavay, 1876) Stiles and I lassall, 1902 
. Amslastama duo Jen ale (Dubint, 1843) Crcplin, 1845 
Ineylostoma caninum (Ercolam, 1859) Hall, 1913 
• Amylostonu brjztltcntc Uc Faria, 1910 
. j\V< atur *mentanus (Stiles, 1902) Stiles, 1903 
rermdtnt dennnutus (Raillicl and Henry, 1505) Railliet and Henry, 1909 
Tncfiosirongylus co/«iri/orn>ir (Giles, 1892) Ransom, 191 1 
Trufiost/on^ylus orient At/ ftmbo, 1914 
llnterol'tus lermieulanx (Linnaeus, 1758) Leach, 1853 
S r /S 
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Ascaris lumbrieoii ra Linnaeus, 1 758 
G wuhoaomaspinigerun Owen, 1836 
ysalopura cmcatica , Linstow, ,902 (only form . ^ 

Intestinal and Somatic Nematodes: 

Tnchtnella sp.rdis (Owen, 1853) foilliet, 1895 
Somatic or Tissue Nematodes: 

! Vuchmria bancrojti (Cobbold, 1877) Seurat, 1921 

oZhJ'™ m 1 ay i (Brug - l927) Ri ° and M3 P'«to"0. m 

? *' "™'u ’ M <Lcuctait - «> Kaillictand H«uy, 19M 
Toe ha (Cobbold, 1863) Castellan! and Chalmers, 1813 
riee„Mcr8r,fone» a (Manson, l 89 ,) M i„, Henry and U** 

Mentonella ozzardi (Manson, 1897) Faust, 1929 
Dracmculu, medmenm (Linnaeus, 1758) Gallandant, 1773 

In addition to the above twentj-ofif 
species which have been reported from 
man in many instances, there are appro: i 
mately forty-five other nematodes whidi 
are rare, accidental, or spurious parasites 
of man. 

Morphology. The adult nematodes cl 
man may be easily distinguished (tom 
all other helminths by the following ehar- 
acters: (I) body threadlike and c)lwdn 
cal, round in cross section; (2) ncnhti 
an internal nor an external segmentation; 

(3) separate sexes (dioecious); (4) com- 
plete digestive tract with mouth and 
anus. The entire body is covered by a fe- 
line, noncellular, homogeneous and highly 
impervious layer, the cuticle. The under- 
lying hypodermit which secretes the cU ‘ 
tide is usually markedly thickened in- 
ternally to form four longitudinal ridges 
which divide the body into quadrants 
A single layer of fongitudind mu5< “ 
forms the innermost layer of the b f 
wall; by alternate contraction and rd aM 
non these muscles give the nematode l[< 
very characteristic, snake! ike motemeot- 



Nematodes which live in the tissues of man require no attachment organ^ 
those which inhabit the lumen of the bowel maintain their position in one 


but 
oi three 
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ways: by their own movements ( Ascatts , Enlcrobius ), by mouth structures (Ncca- 
tor, Ancylostoma), or by actual penetration of the intestinal mucosa; the entire 
worm may enter the intestinal wall ( Trtchinella , Sirongyloides) or only the an- 
terior portion of the body { Trichuris ). 

The nervous and excretory systems arc very poorly developed. The former 
consists of longitudinal nerves united near the anterior end by a ring commissure. 
Special sense organs, chcmo- and touch receptors, are located at the anterior and 
posterior ends of the body. The excretory system usually consists of two lateral, 
longitudinal tubules opening to the exterior by a ventral pore just posterior to the 
esophagus, it may be greatly reduced in some species. 

While the alimentary canal is tubclike in appearance, it shows a distinct esopha- 
gus near the mouth. The buccal capsule and esophagus arc lined by a continuation 
of the cuticle which forms teeth and other structures in some species. 

The sexes arc separate, almost without exception, and the testes and ovaries arc 
generally tubclikc. The male can usually be recognized by its smaller size and us 
curved or curled posterior end, at times exhibiting an umbrella-like expansion — 
the copulatory bursa. The genital opening of the female is ventral and may vary 
in position from close to the mouth to near the tail. The genital pore of the male 
is adjacent to the anus, both opening into a common cloaca with a cloacal open- 
ing in the ventral line; the spicules ^ chitinous copulatory structures — may be 



observed drawn up in the oody or projecting out of the cloaca. Most nematodes 
produce eggs which hatch after being laid (oviparous), but in some the eggs 
hatch within the uterus (ovoviviparous). The state of development of ova which 
are laid varies greatly; some ( Ascans . Tnchuns ) are unsegmented, others (hook- 
worms) are in an early stage of development, and one (Enterobius) has almost 
reached the infective larval stage. 

The cuticle of a roundworm is molted or shed at intervals throughout its life; 
there arc t>pically four molts. The worm is known as a larva until after the fourth 
molt when it is an adult. Larvae differ from the adults primarily in size and in 
development of reproductive organs. The immature stages of some species (hook- 
worms, Sirongyloides, fihnae) arc important in differentiation of species and more 
definitive names have been applied to them. 

KiMSbiTimaM Lvuia. This term is used to designate the first larval stage of 
the hookworms, Sirongyloides, and others. The name refers to the structure of 
the esophagus which is composed of two jxmtoni, an anterior tubular part 
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hla al worm It may or may not have a sheath; some authorities believe the sheath 

. C C * St *5 c ®» s ^ c * ot ^ CfS ^at >t is a cuticle retained after molting 
as is seen in the filariform larvae of the hookworms. 



Mcwh £$opfw$u* mrestma 

Filariform larva. 

Intestinal Roundworms 

Many of the intestinal nematodes may be encountered wherever man exists. The 
peculiarities of certain species may modify the incidence, an unfavorable enuroa- 
ment for the free-living stages being an important factor. 

Life Histories and Transmission. When the life histories of the more common 
of these helminths are depicted together it is found that they form a series which 
illustrates some of the possibilities which may occur in the evolution of parasitism 
In the order of increasing adaptation, the series passes from Strongyloides through 
Necator, Ancytostoma, Ascatts, and Trie hurts to Enterobtus. Inasmuch as none of 
these species requires an intermediate host the only differences in their life cjdes 
are the stages and periods of time spent outside man and their larval migntWBt 
within man. The most primitive form, Sttaagyloides, is able to maintain itself m 
a free-living cycle; the parasitic cycle is initiated when the rhabditiform fat'* ^ 
comes filariform and penetrates the skin of man with subsequent migration. e 
next forms , Necator and Ancylostoma, have no free-living adults although t f!f 
eggs and two larval forms Jive outside the host; again the filariform larva P {0J 
trates the skin and migrates as in Strongyloidcs. Ascatts forms the third 
the senes; only the eggs live outside man, requiring about three weeks m ' ^ 
moist soil before they become mature and infective. The embryonatc egg 
be ingested and hatches in the intestine; this is followed by a ! ar ' 3 m 6 
similar to that of the above species. , j flCU . 

The fourth step is Trichttrh which is similar to A scans in ^requiring 
bation period for the egg outside the host; it is different in t at migr3 . 
escapes from the egg after ingestion attaches itself to t e m3turf and 

tron. The last example is Enter obtus in which the eggs are pro a jul» 

infective when laid on the perianal skin. There .. no larval m atron, 
developing from the larvae which are released from in S est * % jntcstmaf 
While the above roundworms have only a dcfinmvc host, a 
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nematodes (Spiruroidea) also have an intermediate host, usually an insect in which 
the larva develops. The cycle is completed when the insect containing the infective 
larva is ingested, accidentally m the case of man. 

Prophylaxis. All of the intestinal nematodes, with the exception of Entcrobitts 
vermicularis, have life C)des which can he interrupted or controlled by the obvious, 
practical measure of sanitary disposal of feces. Treatment of infected persons 


LIFE CYCLES OF IMPORTANT HUMAN ROUNDWORMS 


nAdults in Intestine of Man n 



Stronpjloidtt stercoral Is 
Nt color amt ri earns 
Ancjlosloma duodtnah 
Ascarit /vmOricotdts 
Tnebunt Ulchiuto 
Entiroblus rtrmlculoris 
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can be an important adjunct. Except for the hookworms and StrongybU^ & l 
enter nun via the mouth. Careful protection of food and drink from contor- 
tion will suffice in these instances, even though adequate disposal of Aurao 
excreta has not been established. The name “gcoheJmmth” has been applied to 
tlie#c species which arc transmitted by soiled articles. The contaminated person 
and clothing of the carrier have been shown to he of primary importance in then 
transfer (Golubiatnikova, 1943). Infection by hookworms and Sifongyloides is 
prevented by avoiding contact with contaminated soil— often moist, shady, sandy 
areas- In many cases this end may be attained by simply wearing shoes. 

The ova of the pinvvoxm arc usually not present in the feces. Personal cleanliness 
is the important prophylactic measure for this species', the eggs arc known to be 
widely scattered in the environment of the infected person. 

Species: Stroncyloiols Stekcoraus. This parasite is especially prevalent in 
Cochin China and Brazil, is Widely distributed in tropic and semitropic regions, 
and is fairly common in the southern United States, It is dependent upon a warm, 
moist soil for the completion of its life cycle. Its distribution is similar to but not 
so extensive as that of the hookworms parasitic in man; the limitation is probably 
due to the rather poor resistance of the larvae to desiccation, excessive humidity, 
ami marked changes in temperature. 



jUubditifnrm bn a of S/rong)Io,Jrt Stercorahs (Photo- 
micrograph X 200) 


There are two types of females, a parasitic intestinal and a free-living <**> 
which differ strikingly in morphology. (See table below.) ^ 

The parasitic and free-living males are very similar, with an esophage ^ 
a curved, pointed tail. The similarity of the two male forms toget : c 
elucidation of the life cycles of closely related species, sue as ' ” r OTt doa of 
only parthenogenctic females, has led some authorities to ou i ^ 

the parasitic males . The most widely accepted life history is 



2-2 5 mm. 

40-50/* 

One fourth body length, 
no terminal bulb (filari- 
form) 

Near posterior third of 
body 


)ne-imh , T,l 

with terminal balbr^b- 
ditifoiW 

About middle of ^ 
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BUCCAL CAPSULE 



NECATOR AMER1CANUS 



BUCCAL CAPSULE 


tlAVAL UEOCAL SCHOOL '<« 


DorsU ray 
(blp»rul*) 



DiiTcrcniul charjcicri ol iinpoiunt human lioulwoirm 


The parasitic female* lay ova which quickly develop and the thahditiform larvae 
arc lutched in the intestine. In scry rare instance* in severe diarrhea or aficr brisk, 
purgation, eggs have been recovered from the stools. When first hatched the larvae 
measure about 0J5 min in length, but by the lime they arc passed in the feces 
they ituy have grow n to in ice that size 

In direct transmission back to nun the rhabdmfonn larva metamorphoses into 
an infective filariform stage after a brief period of growth; the latter is cmhcatbed 
by the cuticle of the previous larval stage. Under certain conditions, possibly con 
stipation or regurgitation, ihabdiliform larvae develop directly into the filariform 
type within the boJy of the host; these may then penetrate the intestinal mucosa 
at the same level, at a lower level, or in the perianal region anJ initiate a new 
infection (hypctinfcctmn). Indirect uantnmttun may follow when the rhabdit 
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■form larvae develop into free-living males and females; infective forms ma t 
theo develop at any time from the rhabditiform lame produced by this aoa- 
parasitic generation 

'l he usual infection of man takes place when the filariform larvae penetrate tb 
skin or when they penetrate the mucosa after ingestion. They then pass througb 
the blood stream to the lungs where they remain for some days, developing into 
adolescent males and females. Some worms start reproduction while m this site 
Most of them then pass by way of the bronchi and trachea into the esophsgw 
and down to the intestine where the female bores into the mucosa and begun 
to deposit ova, about two weeks after infection. 

Hookworms — AvcnasroM* Species and Necatoh Ameekanvs. Intestinal had 
worm infections of man are nearly all caused by two species: Aacylastotna iw- 
d entile, the "Old World” species, and Necator timer icanus, the "New World* 
species. Actually both are widely distributed throughout tropic and subtropic 
regions and are found in the temperate zones in mines, tunnels, and other places 
in which warmth and moisture arc available. A. duodenal e is found principally is 
southern Europe, northern Africa, China, and Japan; N. nmeriennus occurs in the 
southern United States, Central America, and the Caribbean Islands, nortbe/a 
South America, central and south Africa, southern Asia, and Polynesia. 

The adult worms are found in the small intestine (jejunum) of man, sometimes 
in enormous numbers — 1500 or more. They attach themselves to the mucosa iron 
which they suck blood. The more common morphologic features are listed helpit- 


Distinguishing Features of the Common Hooxwqwb 



Ancylortofiia duodenale 

Iterator jmenetnus 

Position of head 

Continues in same curva- 
ture as that of body 

Tuned dorallr »" s 11 
an angle »‘tl> 6'“®' 
eun’Stu/u ui bnilj. 



mg hooted appeu** 
to anterior end 

Buccal capsule 

Two pairs of ventral, 
dawlike teeth, one pair 

Two>enWi™m»2P ,,M 
gad wo ruimttW 


of dorsal knobble 
teeth 

dorsal plaits 

Male 

Size 

Dorsal ray of copula lory , 
bursa 

8-11 mm 

Divides in the distal 
third, each division 
ending in three digi- 

division cQo>n& w 
dictations (bipjWt 

Spicules 

tanons (tripartite) 

Two, separate, hairhke 

Two, hairbke, fused id 

barbed at up 

Female 

10-13 nun. 

WJ mm- 

Size 

Without spine _ — - 

Posterior tip 

With spinf 

— - 
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The life history is practically the same in both species of hookworms. The eggs 
laid by the adult females do not undergo segmentation within the intestine, 
probably because of lack of oxygen. After being passed, development progresses 
rapidly in the presence of warmth (14° to 37° C-, preferably 27° C.), moisture 
(muddy water, damp earth), and oxygen so that small 
rhabditiform larvae are hatched within two days. These 
feed voraciously, grow rapidly, and reach a length of 03 
mm. on the third day when they molt; on the fifth day 
the larvae have reached a length of 0.55 mm. and they 
molt again, losing the bulblike swelling of the esophagus 
and becoming filariform larvae — the infective stage. The 
old cuticle is not shed but is retained as a protecting 
sheath The parasites then enter into a resting stage in 
which they cease to lake food although they remain actively motile and can crawl 
up blades of grass or the vertical sides of mines. The larvae usually do not migrate 
more than a few inches from the place of development. Before entering the rcst- 
ing stage, they arc readily destroyed by direct sunlight, by chemicals, or even by 
dilution of fcccs, especially with urine. After molting they become relatively re- 
sistant and may live four to eight weeks in shaded, moist ground in the tropics; 
in a cool, moist environment they may live much longer but arc quite sensitive 
to desiccation and extremes of temperature. 

When infected soil comes into contact with the body of the host the larvae 
become very active, probably stimulated by the warmth, and burrow through the 
skin. Apparently any part of the skin can be penetrated, and only a few minutes 
are required for the process. In the subcutaneous tissue the larvae enter the 
veins and lymphatics and are carried passively to the lungs; here they penetrate 
ihc walls of the capillaries and alveoli to enter the air sacs and proceed or arc 
carried up the bronchi and trachea to the pharynx. They are then swallowed by 
the host and reach the intestine about one week after entering the skin, having 
undergone a third molt during migration. Maturity is reached in another three 
weeks, the fourth molt occurring in the intestine (when the parasite is about 
2 mm long) The exact duration of life is not known but probably vanes from a 
few months to stx years. Infection can result if larvae arc swallowed. Fullcborn has 
shown diat a few larvae can reach the intestine without passing through the lungs 
m experimental animals. 

A*>rvm»roMA HuuuiMt Ancylottonu brstihense. and, less commonly, other hook- 
worms ( < <j nintim, Unan.ru sleno<ephJj, and others) winch arc normally parasitic in 
dogs and tats may produce infections of ihc skin of nun. Ihc disease known as creeping 
erupunn, sometimes called larva migrant, u caused by Ihc infective filariform larvae of 
these t|«irs. they seem unable to develop in nun, an abnormal host, and wander about 
beneath the sulfate of the skin, eventually dying. However, A brauhente can develop 
and cut! as an adult in the hun.an intestine in some arras of the world, apparently there 
are diifercnt lira. ns of this parasite, dilfcnn^ in their adaptability to various hosts. Man it 
i-ifctird when he is csjwtrJ to the mature fuiulomi lartae m mom, shady m,iI where 
digs or cats have defecated. 



Ovum of hookworm. 
(Photomicrograph X 200 ) 
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Teen-wens Deminutus. This is a small roundworm about the <i,. „ e„„e 

foruT'lcolir' T UlC h iUrr0U " dcd b S' 1 crow " of l“8cts; at the bare there” te 

posmi no Thr ”* TT C ‘°r 1' C , CSOphagUS - Thc "S™ 1 <•"«« it nrir the 
posterior ttp. The ova resemble those of the hookworms bu, art larger, more segmemed, 

and somewhat flattened on one side with broadly rounded poles. Thts pms.tr otconis 
several monkeys and has been found not uncommonly in man in south Africa (Slat 
ground, 1931 ; 1932). The adult worms inhabit the large bowel, rarely producing am. 
toms. The life cycle is not completely known, but infection does nor seem to occur b 
way of the skin. 


Species of Genus Twc\ws.t?*wc>ivw Trichoslrongylus orientalis, T. cohbnjornus ,anJ 
related species of this genus are usually parasitic in the intestines of cattle, sheep, mi 
other ruminants. They are not uncommon in man in certain areas of the world, cspecuUf 
the Orient, India, and the Near East. Infection by these helminths has been reported 
from the United States, and new reports may be expected with the large number of 
troops returning from the Oncnt. Trich ostrongylus ova have been found in stoo! tpeo- 
mens of two patients at the Naval Medical School recently. Reports of Trichosiron^ylu 
species from man arc summarized by Watson (1946). 

The adults arc Jong, slender worms with very poorly developed buccal capsules. Ik 
females measure about 5 to 7 mm. in length and the males 4 to 6 mm. The latter have 
fan-shaped copulatory bursae similar to those of the male hookworms; separation of tit 
species can be most easily made on characters of the male bursa and spicules. The oil 
are larger than those of the hookworms and usually contain morula-stage embryos uhefl 
passed; they are highly translucent and have one pole more pointed than the other. Uc 
eggs of the different species arc practically indistinguishable. 

Infection is caused by ingesting larvae, rarely by penetration of the skin. There is bo 
migration within the body of the host. The first larval form, hatched from the egg, re- 
sembles the rbabditiform type and has a long buccal cavity; the tad terminates m a minute 
knob. The infective larva, resembling the filariform type, has a tubcrculate fad- These 
parasites usually cause no symptoms, although it is reported that heavy infectious may 


cause severe secondary anemia. 


Ascaris Lumcricoides. The common roundworm or eelivorm is one of the mos 
prevalent parasites of man, especially of children. It occurs throughout the viol- 
in temperate as well as tropic regions, and has been reported from the rc “ 
Zone. The Ascmis of the pig, morphologically indistinguishable, is appuca y c0 
adapted for parasitic life in man. . 

The adult worm is cylindrical, tapering to a blunt point at each en \ ' 

is transversely striated and yellowish-gray to light brown in color. * 
usually 20 to 35 cm. long (occastonally up to 35 cm.) and 4 to 5 mm. m 
the male is more slender and from 15 to 30 cm. long The tnout ,s P r ,s ; 
three paptllae-l.kc lips with finely denticulate margtus and marked 0 
rest of the body by a sharp constriction. The male has a cloaca ‘ ; M oxam 

tip; from it project two large lanceltke copulatory sptculcs. p altM of 
is ventrally curved in the male and stratght in the fema c folios 

long, whitish, convoluted, threadlike tubes which term joJ 

fhc vulval orifice on the ventral surface at the junetton of the 

middle thirds of the body. foundation, cstiO»> tJ 

The female discharges enormous numbers ^ , 1 ,,^ smooth, tn» 

at 200,000 daily. These are elliptical and provt e 
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lucent inner membrane and a rough, mammillated outer coat. The contents arc 
granular, not segmented, and usually show a clear crescentic area at each pole. 
Eggs which are deposited unfertilized arc markedly abnormal in them appear- 
ance, often longer, irregular and sometimes grotesquely misshapen, with structure- 
less granular contents so that they may be mistaken for \cgctablc cells. At times 
the outer mammillated coat of either the fertile or infertile ovum is lost. These 
eggs, usually spoken of as decorticated, arc distinguished by their thick, clear shell 
and internal structure. 

The adult worm lives in the upper small intestine, and unsegmented, non- 
infcctivc eggs arc passed in the feces. In the presence of warmth (but not at body 




Ovj «.( A turn lumbmoiJrt (Top) Fertile ntum tinner It ft) Infertile mum (Lourr nghl) 
Dcoitiiudil utuot <Fti<i(omtcroj,rjfihs X 200 ) 

temperature), a little moisture and oxygen segmentation occurs; development of 
the embryo ts completed outside the body after an interval of from 20 to -10 days or 
more (rarely less than 30), depending upon the temperature — optimum 25° C. 
‘(he larva molts once within the shell and normally remains there until ingested; 
however, hatching can be induced by first desiccating and then moistening the 
iivtirn. and the larva may live for several weeks in moist earth. The ova arc very 
remunt to the usual chemical disinfectants, to cold (down to —-15° C ), and to 
Jrticiatiiin at moderate temperatures but arc killed by drying in hot weather 
l*ggs liavc remained viable for four years at icebox temperature when kept moist, 
two years when dried. Infection results from swallowing cmhryonatcd ova. 

The eggs may l»c conveyed to the mouth by dirty fingers (especially in children) 
or bv contaminated water, green vegetables, or other food, and jxisubly by in- 
tulalion In regions in which soil pollution is common or in which human teccs are 
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in the lumen of the smln'imeshnc' TheY’ ^ ^ lo " e ’ l,kaKi 

•h= liver, usually through d,e p„r^^, „ < l ° f th ^P« 

through the peritoneal cavity After three V™ ^ d '" C ' 

penetrate the walls of capillaries and alveoli After f ’ Y * ‘ h ' '“” S! “ J 

of about 10 days and mvolving two molts thi l T P '" ° f ‘'" d " P "“ 
of the trachea to the nharvnx nnA y * Cer air P assa S cs > pa» by nay 

Passage through ZlunT^Z “ “ ‘ he CaSC ° f thc »■*« 

On reach, „g the „ esnne he 1 ^ th ' d "' l °P™‘ ° f ‘he add, 

develop into adu t for ” in u Tv a,ta,nCd “ ,e "S th ° f ab ““ 2 

cstimaudasaboutoieTear P£n ° d * 8 ‘ 0 10 «* *• b » <- 

n,a?Y HD bo* T r C,,,U “' ' n, V VhiP ' V ° rm " ° nC ° f lhc ““>» parasiteef 
» V mP T Y r° PiC Clin,at ' S - Ma " “ *« «*I proved host .1 
Y'f“ Y7 u°“ S ' vh 'P' Vor "’ s obtained from the pig and certain ntaa 
keys are morpholog, tally very simtlar and are believed by some to be the « 
spec, es. The generte name Trichoccphalu , , is an equally valid one, preferred » 
[r , y S ° mc aUthorS - Whi,c * h ' International Commission on Zoological 
Nomenclature has not ruled on the two names, the American Society of 
I arasitologists has expressed a preference for Tnchuris. 

The aduh worm is 30 to 50 mm. long, the female being slightly longer than the 
ma e. e cephalic half to two-thirds of the body is threadlike and contains only 
the esophagus; this has reduced musculature which is apposed to a row of large 
secretory cells, the stichocyte, communicating with the lumen of the esophagus by 
small apertures. A stylet is present at the anterior end. The caudal portion of the 
body the handle of the whip— contains the intestine and sex organs. The rad of 
the male is coiled and ends in a single terminal spicule surrounded by a rough, 
spiny sheath. The tail of the female is bluntly rounded; the vulva opens at the 
junction of the “handle” and the “lash.” 

Whipworms are found chiefly in the cecum, but also in the appendix and 
terminal ileum, where they attach themselves to the intestinal wall by transfixing 
a fold of mucosa with their slender neck; this has been thought by some to facdi- 
t tatc the entrance of typhoid bacilli and other 

f. *' *• * I pathogenic bacteria into the tissues. The 

* characteristic, unsegmented ova arc de- 
posited in the feces; they arc barrel-shaped 
and have a double shell, the outer one 
usually stained brown by bile. The inner, 
thick, translucent capsule has a kno < e 
protrusion at each end, somewhat h c 1 
bottle stopper. Segmentation occurs ouw e 
the body of the host and is a protracted 
process requiring from two weeks to 


W. 




l 


(Left) Ovum of Trtchunt tnchiura 
(Right) Ovum of Enterobtus termiculans. 
(Photomicrographs X 200.) 


, and have been repo 


months. The ova are resistant, except to desiccation, ami nave ' * Jf 
to retain their infectivity for five years. There is no intermediate osf - 
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hatch from ingested ova and become attached to the mucosa without migration; 
the parasite matures in about three months. 

Enterobius Vermicularis. The common pmworm, threadworm, or seatworm 
is cosmopolitan in its distribution. It is the most common parasitic helminth in 
the Unftcd States, being found more frequently in children than in adults. The 
female is considerably larger than the male, with the vulva in the anterior third of 
the body. These worms have a clear, bulbous projection shaped like the mouth- 
piece of a Turkish pipe surrounding the three -lipped anterior extremity. There is 
a well-marked bulb which forms the posterior portion of the esophagus. 

The eggs have a clear, transparent, doubly-contoured shell, flattened on one side 
and cons ex on the other (plano-convex). They contain a coiled embryo when 
deposited by the female and require only a few hours outside the body for de- 
velopment of the infective larval stage. The ingested eggs hatch and the larvae 
pass down the small intestine. They develop into adults on their way and attach 
themselves to the mucosa. The females become filled with eggs and then wander 
to the rectum to work their way out the anus and deposit the ova on the skin of 
the perineum. Tins life cycle requires about two months. 

The presence of the gravid female produces marked itching, more pronounced 
at night, and the scratching so induced causes the eggs to be widely spread about 
the region of the anus The fingers become contaminated with ova vvhtcli may 
be carried to the mouth and cause a fresh infection. The possibility that eggs may 
be air-borne has been demonstrated. No intermediate host is necessary. The in- 
fection dies out spontaneously in a few months if reinfection is avoided but this 
is not easily accomplished. Ova arc rarely found in the feces but may be found in 
scrapings from the skin about the anus or under the fingernails. 

J’hvsaloptfiia Calcasica Tim is normally a parasite of monkeys and has been reported 
in man in eastern and northern Africa where it is said to he fairly common. The mouth 
of the adult is provided with two large, equal, laterally placed lips, each having two 
papillae and armed wnli teeth. The male has a lance shaped posterior extremity with two 
unequal spicule* The female has a pointed tail and a vulva opening in the anterior part 
nf the body The ovum has a thick, smooth shell and contains a larva when passed. 
These parasites are usually found in the stomach and small intestine, rarely in the liver. 
The hfe history u not known hut possibly involves some coprophagous insect as the first 
intermediate host. 

(i*r at l iovtom A SriMi.tstM. CtuthoHOma tptr.tgtrum has been found to occur in tile lar- 
val stage in nun in some parts of the Orient, chictly Siam. The adult of this si>ccies is 
normally parasitic in the stomach wall of wild and domestic cats, fonmng hard cystic 
turnon I inch in diameter In the life cycle, immature ova pan out with the fcccs and 
reach water Here they mature and the larvae which hatch enler a microcruitaccm (Cy- 
rlopt) After further development and metamorphosis into a second larval stage wuhm 
the cyclepv, they must be ingested wills dicir host by a frog, fish, or snake The cal » 
infected when it devours the flesh of the second intermediate host containing an encysted 
larva Hie {ora me it not adapted Jo man, and la most cases rnauiure worms ulnJi lute 
‘lost their way” have been found wandenng in the subcutaneous tissues sir slon abscesses, 
llutiun infection n probably caused by eating infected fish raw or uuufucnsl) cm ked 
ben ami Chose (IW5) report a icccnt case in which this parautc was taken from ihc eye 
of a patient who they believe acquired the infection by accidentally ingesting an infected 
cyck. ps. 



608 


PARASITOLOGY 


' , T t SymP ‘ 0mS and P athol ' ) S ; ' : '“ions produced b, , h[ j, 

tts mal nematodes, fi ast rointcs,inal in nature, are not caafaj 

the alimentary tract. Those species which have a migration in their life qdts 

related 8 "T ^ by ,he ^ of symptoms is often 

related to the number of worms present, but many worms may cause ao com- 

plaints and a single one may at times lead to death. In general, the symptoms at- 
tnbuted to these nematodes and the potentialities of such infections are often 
exaggerated. Since there is no multiplication within man, the pathologic lesion 
are roughly proportional to the number of ova ingested or of larvae penetrating the 
skin. 

The most serious difficulties encountered with infections by these helminths are 
those of a mechanical nature. A group of pimvorms may cause obstructne 
symptoms in the appendix; a single ascarid may likewise block the appendix; 
or several in a mass may obstruct the lumen of the bowel. An ascarid may enter 
the biliary or pancreatic ducts or perforate the intestinal wall. Biliary ascartasis 
may be very serious (Yang and Laube, 19-46). Less serious, but no less objection- 
able, is the migration of adult Ascaris up the esophagus and out the nose or mouth. 
In an interesting study of clinical ascariasis, Swartzwelder ^ 1 < J46l rrnnrtrd six 
deaths tn 202 cases. , 

fallopian tubes and 1 . ^ 

These adults may carry secondary bacterial infections to such abnormal sites. 
Mechanical injury to the wail of the bowel may result from infection by those 
species which attach themselves to or invade the mucosa. All lanal forms vshidi 
migrate through the lungs produce some degree of pulmonary damage. Such 
symptoms may be mild or severe, depending upon the number of lar\ae and the 
presence of pre-existing pulmonary disease. The penetration of the skin by (uV 1 ' 
form larvae of Strongyloides and the hookworms may produce intense itching 
and skin lesions. Usually known as “ground itch” m hookworm and acf P^ 
eruption” in infections by those species normally parasitic in dogs and cats, t c 
lesions subside as the larvae pass on or die. Hartz (19-16) reported an autopf 
of a case of strongyloidiasis showing autoinfection in the colon. ^ 

In addition to the blood consumed by the hookworms, there may ^ e ^ 
bleeding. As a result of the combined blood loss — perhaps of secondary 
invasion and the possible secretion of a toxin — severe anemia, »n n “ s ’^ jtn> 
debility, and chronic ill health may develop with retardation of in cctc^ 

Hookworm infections constitute a major public health problem in ma 
areas; over 90 per cent of the population may be infected. ^ cccn J Sl “ m ; a , 
shown the great importance of a deficient diet in the pro ucti _ t($ 

often relieved by the administration of iron without ehmma io ^ s£ , c/c 

As a rule it probably requires 500 worms and several mom * °^ jviJ|iaI . , t « 
symptoms. However, much depends upon the renstance ^ som c f* 

believed that as few as 25 worms may cause dtBm c ylum®"’ 

sons. Steubenbord and Allen (1946) reported two fat * ^ ^ 
from Guam in infants under one year of age. On the 
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Brumpt (1944-45) have treated po1)cythemia with ankylostomiasis. Heavy infec- 
tions with Trtckurts have been shown to be scry dangerous (Getz, 1945; Whittier 
ct al , 1946). 

Eosinophiha may be encountered in infection by any of these nematodes but is 
not invariably present. Allergic phenomena arc most commonly seen m ascariasis. 
Locfllcr’s syndrome or tropical cosmophilia may be partly caused by /hearts 
(Zueifcl, 1944, Cardis, 1945) or hookworm (Wright and Gold, 1946) infections. 

Diagnosis. The laboratory diagnosis of intestinal nematodes is most practically 
made by finding and identifying the characteristic ova or larvae, rarely adults, in 
the fcccs Occasionally the urine or sputum may be examined. The ova of Ancylos- 
toma, iterator, /hearts, Trtchurts, Termdens, Physaloptera, and Tnchostrongylus 
will be found in the feces, rarely Enterobius eggs will also be found, and ova of 
Strongyloides may appear after brisk purgation or in severe diarrhea. The fcccs 
should be examined by direct smear, flotation, and centrifugation. Sedimentation 
is rarely used for the nematode ova. Flotation methods offer the highest re- 
turn by the simplest procedure, adequate in the majority of cases of infection 
with these helminths. Light infections, which tend to be overemphasized as a 
cause of illness, may be missed; this can be avoided by using a combination of 
flotation and centrifugation However, these combined methods require much 
more apparatus and time Specimens may be preserved and examined in the 
laboratory at a later date. 

In using flotation methods it must be remembered that the ova are of different 
weights and the specific gravity of the solution should be adequate to lift them. 
Tlie infertile / hearts egg is the heaviest, requiring a solution of specific gravity 
of about I 250; some infertile ova may be raised by specific gravities of 1200. The 
critic.il specific gravity for hookworm is about 1 055, for whipworm about 1.150, 
and for fertile /hearts about 1.130. Best yields are obtained with a specific gravity 
of at least 1.180 or higher 

The bile stained ova of Trichuris and normal A sear it arc easily identified, but 
the transparent-shelled eggs of the hhok worms, the decorticated ova of .hearts, 
and the more rarely found ova of Tnchostrongylus. Enterobius, Termdens, and 
Strong) toides require careful differentiation The criteria most commonly used 
arc the st/e. shape, thickness of shell, and stage of development of the embryo. 
The two hookworms arc practically indistinguishable by their ova, those of 
im \Io>toma usually being considered shorter, culture may be used and identifica- 
tion made from the larval stages Stoll (1946) forcefully reiterates the point that 
Aneylostoma duoJcnJe and Secator amerteanus cannot be distinguished by their 
ova 

Ova of two accidental parasites, Heleroderj morions and Ca pillar i a kepaltca 
have been found in the fcccs of man several times. The eggs of II mariont, a para- 
site of the toots and stems of edible plants, may be mistaken for those of hook 
worms or V.nterohus. Cspillana hepatua, a parasite in the liver «■/ rats and other 
rodents, lias ova which arc similar to those of Tnehuns. 

Larvae in feces arc almost certainly StivngylciJes, in old or constipated stools 
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Table 66 

Ova of In Msttoal Nematodes 


Specie/ 

Srrongylotdes stercoraht 

Size ( in microns) 

50-58 x 30-34 
Average 55 x 32 

Special Features 

Ural, colorless, thin-shelltd, sfcwJ™| » 
larval stage 


56-60 x 35-40 
Average 60 x 38 

Oial, colorless, thin-shelled; poles blunt!) 

Necasor amencantis 

64-76 x 35-40 
Average 70 x 38 

stage 

Trie hunt trtchmra 

50-54 x 22-23 
Average 52 * 23 

Barrel-shaped, brown, thick shelled, mu 
coid plug at each pole, unsrgmrnted 

Ascarts lumbncotdet 

45-75 x 35-50 
Average 60 x 45 

Old; outer wall mimmillsial, brow, 
inner wall thick, clear; unsegmented 

Infertile 

88-95 x 40-45 

Irregular, rhomboids!; granular contrail 

Decorticated 

43-68 x 33-48 

Wjih only clear, thick inner wall 

Tnchostrongylus species 

"0-105 x 35-55 
Average 89 x 48 J 

Oval, colorless, chin shell, one pole more 
pointed, usually morula stage 

Termdens detmnusut 

Average 80 x 50 

Oval, colorless, thin shell, • poles broadly 

rounded; developed beyond 4 cell stage 

Enlerobiut vermsculans 

50-60 x 20-30 

Average 55 x 26 

Dial, colorless, thin shell; flattened on one 
side; developed to larval stage 

Physalopteia cancan ca 

Average 50 x 35 

)val, colorless, thick smooth shell; de 
v eloped to larval stage 

Captllarta hepatica 

50-65 x 30-35 J 

arrel-shapcd, brown, distinctly raduKf 
pitted, thick shell, unsegmented 

Hctcrodcra manons 

80-1 20 x 25-45 B 

an-shaped, colorless, thin shell, air ‘P Jl{ 
at poles, developed to morula stage ^ 


the larval stages of the hookworms or Tnchostrongylus may have hatched f roin 
the eggs, and in rare instances free-living coprophagous forms (Rhabd'tnt) f na ' f 
contaminate the specimen Methods used should include direct smears and 
trifugation. Good results have also been obtained with the zinc sulfate 
centrifugation method, but flotation technics alone are usually unsatisfactory- ^ ^ 

ture methods and the Baermann apparatus are also of definite value in . 

suspected infections where larvae may be found. Watson (1946) gives an cxcc ^ 
discussion of the differential characteristics of the ova and larvae o t c j 


cavities which are considerably longer than me uwy r - edl3 n ’ 

rudiments. The esophagus of Rkabdms is pseudo-rhabdmform, ^ iB 

swelling in addition to the terminal bulb. Tnchostrongylus is S 
long filamentous tail. 
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Table 67 

Ruabdituoum Larvae of Intestinal Nematode* 


Characters 

Strongylotdes siercoraltt 

Ancylostoma and Necator 

Site 

200-250i* (in stool) 

250-300* (when hatched) 

Usually 

225* 

275* 

Ituccal cavity 

10* 

20* 

Length 

Shorter than bod) width 

Longer than body width 

Genital p tun or ilium 

Large, about 35* 

Small, about 20* 

Tail tip 

Short, bluntly pointed 

Short; sharply pointed 


When culture methods arc used, or \cry rarely in the stools, filariform as well 
as the carltcr larval stages may be found The esophagus of the infective larva of 
the hookworms is not typically filariform; a more correct term is pseudo-filari- 
form. The pseudo-filariform larva of Tnchostrongylus has a tubcrculated tall; 
there is no filariform larva in Rhabduit . 


Table 68 

1'll.AllllOKM LaRVAI OF NtISTIVAL NEMATODE* 


Characters 

Strongyloides stereoralts 

Aneylottoma and Neeator 

Site 

500-700* 

About 600* 

Genital pnmordium 

behind middle of body 

Near middle of body 

1 snjihagus 

Length . 

Slope 

About body length 

Narrow throughout length 

About 'J body length 

Slight posterior bulb 

Tail tip 

Minutely notched 

Pointed 


Although seldom necessary, Ancylottoma duodcr.de, Necator amcrtcanus, and 
the other hookworms can be differentiated by their filariform larvae. Those of 
// dttodende have a slightly flattened head and a rather narrow esophagus with* 
out a definite constriction at the esophageal-intestinal (unction; also the esophageal 
spears arc inconspicuous and unequal. In N. amcricanus the head is smaller and 
more cylindrical and the esophagus is broader with a marked constriction where 
it joins the intestine; the esophageal spears arc conspicuous and equal. The tail of 
.1. brasthente is more slender than in the other two species. 

For the diagnosis of Untcrobiut infection, the collection of ova or adult females 
from the perianal folds is the method of choice. The NIH swab is a time-tested 
technic which gives excellent results. The scotch-tape method is a more recently 
drvised technic that has many advantages. Ova tnay also be collected from other 
region* of tlx lx*dy\ from clothing, and from furniture in home* containing in- 
fected person* hy using the transparent tape; they may also be recovered from 
(internal! scrapings. In about one lialf the cases of ascarusit and one sixth of 
irtchuruits, ova may lx collected from the perianal region. Watson and MatKcith 
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(1946) have summarized the various technics used in obtaining anal smtart 
Adult intestinal nematodes are sometimes evacuated spontaneously or after 
treatment and may then be identified by their anatomic features (see ley, Chi* 
ter 24). The smaller worms may require special methods of recovery. Q u ,t e often 
Enterobms females may be scraped from the perineum. Ascafis adults tend to mi- 
grate and have been taken from the nostrils and mouth in numerous cases 
Larvae of species which migrate through the lungs and respiratory passages 
{ Strongyloides , the hookworms, Ascaris) may very rarely be recovered from the 
sputum. The direct smear and centrifugation may be employed in demonstrating 
them. In a few rare instances larvae or eggs have been found in the urine. Sorae 
workers have reported greater success in finding Strongyloides larvae by wing 
a duodenal tube, suggesting that they are destroyed or digested as they pi« 
out with the feces; other statistics show only a slight increase in positive finding* 
by this method. Duodenal drainage is not recommended except in cases where 
no evidence of the parasite is found in the feces and there is strong suspicion 
of Strongyloides infection. However Denhof (1947) found duodenal intubation! 
highly successful diagnostic procedure. Lapev (1945) recovered both larval anJ 
mature forms of Strongyloides from the sputum of a patient. 

It may be desirable to recover intestinal roundworm larvae or ova from tftr 
soil. The Baermann apparatus is an ingenious and practical device for obtaining 
the larvae of hookworms, Strongyloides, and, it should be emphasized, free- 
living nematodes. Other methods may be used to recover eggs from the soil. 

Serologic methods for the diagnosis of intestinal nematode infections but 
are of little practical significance 


Trichinella Spiralis 

The trichina worm which is the cause of trichinosis has a world-wide distribu- 
tion. As the source of human infection is infected pork, the disease is practic ) 
unknown in people of the Mohammedan and Jewish faiths. The incidence ° in 
fection in the United States has been reported as about 17 per cent, determine, 
by postmortem examination of diaphragms. The majority of infections 


recognized. , 

Morphology. The adults are small white worms just visible to me 
eye, the male being 1 5 mm. long and the female about 3S mm. The SI ° ut „ 
half of the male is filled mostly with testes. The posteriorly local ^ 
eversible, being guarded by two cone-shaped papillae which c asp 
copulation. The rounded posterior half of the female 
heed distended as the eggs develop TTte * 

facilitates the extrusion of larvae into the tissues by u 

larvae are about 100,. long and 6g in drameter, a size ? . 

through the capillaries of the host. of ,h e life q‘ !t - 

life History. Two hosts are required for the c ^ ^ ^ Ort a* 

While the larvae encyst in the same individual " 

liberated only when the cysts are ingested by another 
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normally propagated in nature by black and brown rats which arc cannibalistic; 
pigs, wild boars, and other mammals which cat flesh become secondarily infected. 
Hogs constitute the principal reservoir for human infection, the relation between 
rats, swine, and man being indicated in the drawing of the life cycle. Man has 
contributed to his own infections by feeding raw pork scraps in garbage to hogs. 

When viable cysts are swallowed the larvae arc liberated in the intestine and 
develop into mature males and females within a few days. The female is 
ovoviviparous, depositing larvae and not eggs; a single female may give hirth to 
at least 1*500 larvae over a period of six weeks. Most of these reach the portal or 
lymphatic systems and ultimately the heart, being distributed from there by the 
systemic circulation. They may become lodged in various tissues of the body 
but arc capable of further development and encapsulation in only voluntary 



Larva of TrtlfnntUj ipirjht tncjittd in vitiated muscle. (Photomicro- 
fctaph X ) 


( skeletal) muscle The greatest invasion occurs in those muscles with the richest 
blood supply — die diaphragm and intercostal, laryngeal, longue, and eye muscles, 
’[he larva is provided with a spear, a movable boring apparatus at ihe anterior 
end. by which it is aided m penetrating muscle tissue, ft comes to he along 
the long axis of the muscle fiber, grows to about 1 mm. in lengih in 10 to 14 
days, and assumes the spiral form of ihe encysted parasite. The capsule is an 
ellipsoidal sheaih with blunt ends resulting from the infiltration of protective cells 
of the host Here the larva temains viable for a long time (some for even 10 to 
20 years), eventually d) mg and the cyst becoming calcified. 

Prophylaxis. Prevention depends on adequately cooking pork or, rarely, the 
Ik vh ot other carnivores, Refrigeration of meat for 20 days at 5° F. ( — 15® C.), for 
1(1 day* at -'10® F. or for 6 days at — 20® F. also kills the parasites Meat in- 
spection i* not luiTicirnt, in Germany one third of the cases of trichinosis 
were traced n> in>j>eclrd meat. Inspection rn the UnneJ Stater docs not atlempt 
to detect the parasite; polk that will Ik used for products which may lie consumed 
without ctxiking (summer sausage) is ticated by refrigeration m approved packing 
planiv Uncooked gathage should not Ik fed to hogs. Hie slide flocculation test 
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(Suessenguth and Kline, 1944) for the detection of infected s ,v ine offers „ 
promise but at present is not accurate enough for use. 

Clinical Illness. The severity of the disease depends primarily upon the m 
ber of encysted larvae swallowed; m severe epidemics the fatality often reaches 30 
per cent and death may come quickly after heavy infections. During the first few 
days while the ingested larvae are developing, there is often a gastroenteritis. Purg- 
mg may then be beneficial by ridding the intestine of some of the parasites be- 
fore they have burrowed into the mucosa. In severe cases there is a high fever, 
marked intoxication, and prostration during the second and third v.etk, as 

LIFE CYCLE OF TRICHINELLA SPIRALIS 




l.ile cjde ot Trichtnella spiralis- 


Naval medical school *t 
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typhoid fever. The larvae arc then present in the circulating blood. There is often 
transient edema, especially about the face and ejes. The blood count usually shows 
a high leukocytosis with an cusinophilia of 5 to 90 per cent, beginning as early as 
the tenth day, often rising rapidly, and reaching a peak during the third or fourth 
week; in heavy infections, usually those that arc fatal, cosinophilia may not develop. 

From the tenth day on the !ar\ae migrate into the muscles and become encysted. 
The invaded muscle fibers rapidly undergo degeneration. This is associated with 
severe pain, stiffness, and disability; there is often painful labored breathing or 
laryngitis with cough and occasionally hemoptysis. Gould (1945) has given a de- 
tailed summary of all aspects of trichinosis. 

Diagnosis. An early laboratory diagnosis is extremely difficult and rarely made. 
During the first few days after infection, adult worms may be .found occasionally 
by sedimentation of the feces. After the sixth day and until the end of the migra- 
tion period, larvae may he demonstrated in the blood. This is of value only in 
heavy infections, yielding about two larvae per milliliter of blood. Larvae may 
also be recovered from the spinal fluid. Biopsy for encysted forms is most prac- 
tically done upon the deltoid, biceps, or gastrocnemius muscles. Compression 
and digestion methods are used; care must be exercised *o as not to be misled by 
old infections 

Serologic and allied tests arc not sufficiently specific to be more than an 
adtunci to the clinical diagnosis. Reaction to the skin lest becomes positive earliest 
but the test is of no value before the twenty-first day; very light and very heavy 
infections may not he detected by this method. False positive reactions occa- 
sionally occur as do nonspecific reactions due to diluting fluid After the fourth 
week, precipitation and complement fixation tests become useful The specificity 
of precipitation is about the uine as that of the skin test. Although complement 
fixation gives greater accuracy m diagnosis it ts seldom practicable to use it because 
of the complexity of the procedure Roth (1945, 1946) has recently devised tests 
lur trichinosis using living larvae and immune serum which may pruve valuable 
in diagnosis 

I'listtuixtcm examination includes digestion, compression, and sectioning 
methods. Small bits of duphfagm give the highest percentage of positive findings, 
but other striated muscles should also lie examined 

Somatic Nematodes 

The somatic or (issue coundwotmt include the filariac and the guinea worm— 
tjxcies in which the adults live in the tissues of man, other than those cf the 
gjttrouur it trial tract. AH «*f these fount require an arthropod intermediate host 
■ n whuh the taivae develop but do not multiply. The two species of Wuthtttni, 
tin’tgu a„ri ts 4 i the disease c» nimonly referred to as utilize mosquitoes 

4 t thr mwtmcdutc hoii and vector, these paiautes ate widely distributed and of 
ii mi.itt.'.'t i"ijhi name Die othrr u mati< nematodes are of Ins significance, 
Ixittg to t.-rr tcvtncud iitji wl.ete the teiervmf holts and the ap* 

1 n j i air mtr rose , bale h mi aie ir.ttnu'cl) associated. 
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Life Histories. The adult filarial worms (filariac) and the guinea worm Inc 
in the lymphatics or subcutaneous tissues where, instead of laying eggs, they 
give birth to embryos (mictoplariae and larvae). The adult guinea worm deposits 
her larvae in small cutaneous ulcers; when these ulcers burst on contact with 
water the larvae are freed and may be ingested by the intermediate host, a 
microcrustacean — Cyclops. The microfilariae, on the other hand, migrate to the 
peripheral blood vessels or subcutaneous lymph spaces where they are picked op 
by the intermediate host, a biting dipterous insect, with its blood meal. Only 

LIFE CYCLES OF IMPORTANT HUMAN ROUNDWORMS 

Adults Living in Tissue of Man 
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certain insects arc capable of acting as the intermediate host for each species of 
filarial worm. 

The microfilariae lute a fairly uniform development within the insect host. 
The sheath, if present, is shed and the microfilaria penetrates the gut wall and mi- 
grates to the thoracic muscles where at least two molts occur. The infective larva 
then passes to the proboscis and remains there waiting for the opportunity to be 
transferred to man. The larva of the guinea worm undergoes a comparable de- 
velopment to an infective stage within the cyclops but remains in the body cavity 
of this host 

Man acquires the guinea worm when he ingests infected microcrustaccans in 
drinking water. 'Ihc infective filarial larvae leave the proboscis while the insect 
feeds and penetrate the skin of man. The period from the entrance of the larvae 
until the mature female worms begin producing embryos is incompletely known 
(or all species. Man is the only reservoir host of the filarial worms; man and fur- 
bearing mammals arc definitive hosts of identical or closely related species of 
the guinea worm. 

Prophylaxis. The prevention of infection by filarial worms is accomplished 
b> avoiding close contact with the various insect vectors which have become in- 
fected from the native reservoir or by cohtrol of the insects involved (see Medical 
I'liiomology). Because of the large number of species which may transmit 
Wucherena, the mosquito vector must be determined for each area and those 
control measures employed which will lie most effective against that species. Bed 
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while the latter feeds on sugar water, or when the proboscis ruptures spoa. 
an usly, probably as a result of being too tightly packed. Nothing is knoun of 
■he route the larvae take in arriving at their definitive site within the hues, 
host; nothing is known concerning the development of the larvae into adults 
Microfilariae arc not commonly found in the blood of native children undet five 
years of age although they have been demonstrated in those as young as 18 months. 

Each infective larva represents a single microfilaria that has succeeded in de- 
veloping m the mosquito, and each adult worm represents an infecthe larva that 
has been successfully transferred to man. A single bite by an infected mosquito 
is not likely to result in clinical evidence of infection; the majority of clinical 
cases and those showing microfilariae circulating in the blood come from areas 
where repeated infections over many years have occurred. Even when majsiie 
infection has occurred in a short period of time, the slow progress of the disease 
in man suggests that military personnel returning to the United States will 
rarely harbor microfilariae in the blood in sufficient numbers for these to be 


demonstrated or for a vector to pick them up. The maintenance and propagation 
of this disease, probably more than other mosquito-borne infections, depends 
upon a close and free association between infected persons and the vector The 
local native population of an endemic area is the only source of filariasis. 

The incidence of infection in the native reservoir ranges from a fraction of 1 
per cent to approximately 100 per cent. Considerable survey work has been done 
in regard to both incidence and transmission in many areas of known high 
endemicity; other areas have been partially studied or neglected altogether. A true 
picture of conditions existing m many localities will not be available for many 
years to come. While the incidence of Malayan filariasis often equals or exceeds 
Bancroftian in the same area, the number of circulating microfilariae is mu 
higher in IK. bancrojti infections. On the other hand, the incidence of elephantiasu 
in some areas is much higher with Malayan infections. ^ 

Although most authorities emphasize the periodic nocturnal appears ® 
Bancroftian microfilariae in the peripheral blood, the form or strain of W 1 • ^ ei ^ 
of greatest interest in the United States at the present time is practic y ^ 
periodic. Personnel of the armed forces with filariasis have acquired their in 
almost exclusively m the Samoan and nearby islands. If large numbers o J 1 '* 
are examined, the so-called nonperiodic type is found to be a highly mo 1 
turnal form, and in some individuals there is a diurnal rhythm. .&* 
sents a periodicity which is nocturnal but not nearly so sharply marc of 
IK. bancrojti in the East Indian, African, and Puerto Rican areas. ^ be 

njicrofilanal periodicity are sharply debated; one important factor app 
the biting habits of tljc mosquito vectors. 

The location of the noncirculating microfilariae it 
ports by Manson-Bahr that they were in the lungs h 
their recovery at autopsy of a native on Saipan (S' 
tion, 1945); Japanese physicians on Okinawa were rep 
as giving more positive diagnoses (Cheever, persona 


known. The for®" “ 
•en partly ton6rt»d 
. personal common®- 
to prefer long P”®""' 



„ °T K “ C ' Vo “ni». °* “nuBDa 

U P “d ‘m,,,' "'"- ”»lc a „j fcm . fil >'«). t ,c BOJu ," , , ’“J™>«cus 

«*». Io n , r , ,n J fncjJ, of conn ’ n,J> ^ found m \ J ° r,Jm - in 

>m, !r , "™T!r k ho " ,n -£?.£- t 

- r. trt ,,v ■* f ^ - 
~ n al <,w5) 

«-> ™,„:;r:''." ra ■■ ■* 


u. iv ” ,, '' a «“• "» vz r ,f 

««m.n Jh' *”■" “ ,l,c «u„,„ c . ™ “ ,i,c 

„;;;:. !, l,c -?■» ^zr^ j *«■•-. r " - 0 * ^L, 


p - * -*• - 'Cr 

"»«U|.VJ ,„ , ' , “‘ rl )’ "fml.lc " e « 'Ilf 


•n r "" “ ,c tv , uhj - """"""Cj c „„ c ,, 

n ' r nncfof,|,. r 1 4 ,n flic fcijui- ' 17 crc 

'"Wmhrd ,„ „ J1|)r ''"‘ r, y 'ff.nl, l r , hlnc ''l’ c "‘ the 

I ' r ‘ •“<• riur-nen,. ' ir° Wn tmno.1, , <V M ^u, : 0 ' 7l,c 
,flf l^hetjl I, !<Hm ] \ Uc nuct,, fiUtue a, ‘ U " C r Urul J pair .,”1 W ,r 'Wh. 

•■•>■" >,*.*. r , “ 7 , " , ;«i.f .» (V, r 

, > u, ent, jnJ 


r ’i^Ctri 

[» l4ly 

iS^S^SsSSRfs 

' II J I,.,. c *^rmj|» ,1 . r,t ' 

1 lu. I-,!,. |, 

“'"••■ | f.!u,e,„„ ; 1,< ' Ur 

■' . iv " ". r - c - «■> ; 

•*J u l( j * •W'!/ 

C-f 


n» 


»*luli 


t Ur 


Mi;r 





622 


PARASITOLOGY 


ml, a Africa and Arabia and has become indigenous in parts of the West M„ 
raid and Guiana. A parasite morphologically identical with D. n'Jhmi, ha,’ 
been found ,n various carnivores (fox, raccoon, mink) in the United State, u d 
appears to be established in this country, but no infections in man have been rt- 
• ported. Dogs may be infected naturally and artificially. 

morphology. The female is threadlike and cylindrical, 1.6 mm. in diameter, aad 
may reach a length of 1.0 meter. She lives in the subcutaneous tissue and inter- 
muscular connective tissue, particularly that of the lower extremities. The tip »f 
the tail is bent, forming a sort of anchoring hook. The mouth is terminal. The 


uterus is a continuous tube occupying the greater part of the body and filled with 
sharp-tailed, transversely striated, unsheathed embryos which measure 600 X 20, 
The males obtained by Leiper from experimentally infected monkeys were less 
than 2.5 cm. in length. 


life cycle and transmission. When the female is mature and fecundated she 
migrates to the subcutaneous tissues and the head penetrates into the dermis to 
produce a cutaneous blister. The larvae are discharged by a gradual prolapse of 
the uterus through the ruptured head; the blister breaks when immersed in 
water, and the larvae escape to swim about until swallowed by Cyclops qusdri- 
cornis or related species. In this intermediate host the parasites deselop for four 
to six weeks, reaching a length of 1 mm.; they then remain dormant until the 
cyclops is swallowed by the definitive host in contaminated drinking water. 
Leiper has shown that hydrochloric acid in the concentration present in the gastric 
juice kills the cyclops but makes the Dracunculus larvae very active; they doubtless 
bore through the stomach wall and make their way to connective tissue. Develop- 
ment to maturity in man is believed to take about one year. 

Clinical Illness: Filariasis. Of the several diseases produced by the somatic 


nematodes, only that caused by the species of Wuchercrta is of major importance' 
Filariasis in natives appears to be very different from the disease seen in American 5 
who have acquired the infection. The clinical picture commonly desen 
emphasizes the late sequelae — elephantiasis of arms, breasts, and genitals; c ) 
chylous ascites and diarrhea. Such sequelae result from multiple infections 3^ 
exposure over many years and affect only a small proportion of the total P°P U 
infected. Filariasis as encountered in Americans who have had j^e. 

exposure over short periods of time produces early manifestations ra cr t M ^ 
The incubation period is subject to considerable variation. In one groupo ^ 
men infected m Samoa, symptoms were noted as early as one mont ff . 

while three developed therr first evidence of infection 21 mont s a te 
the average for the group was nine months. The earliest symptoms a 
lymphadenitis and lymphangitis, with or without slight febn e rc P ' ^ pcr( . 
and malaise; there may be allergic phenomena such as c ! uI1,ncs * b sttf Um£ 
orbital edema, and conjunctivitis. The lymphangitis, usu y P r _ j csccn dmp 
and marked tenderness of regional lymph glands, is esen Fun ; C ulitA 

centrifugal, or retrograde in contrast to the common ,JJ P 0 f the scroll 

with or without epididymitis, acute hydrocele, orchi is, 
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skin, i* often the first manifestation uhen the parasites are located in pehic or 
inguinal sites. Hose ct al. (1945) believe these attacks of lymphangitis are allergic 
rather than streptococcal in nature. 

At first these episodes endure for a few dajs and then subside; in the internals 
it is not alu j) s possible to detect physical signs that can be attributed 
directly to the specific infection. Approximately 50 per cent of the eases base 
followed this pattetn. However, a senes of recurrences may follow with involve- 
ment of the same or new lymphatic areas. Subjective evidence may precede the 
objective signs and seems to increase in seventy with recurrences. As months pass, 
symptoms continue although no further exposure to infection has occurred. The 
acute episodes may disappear leaving complaints of aching and weakness of 
muscles, dragging pam in the testicles, paresthesias, and general malaise and de- 
pression, there may be a diffuse thickening or nodule formation along the 
spmuanc cords, a lymph vartx, or a hydrocele. At the end of the third year the 
significant symptoms have disappeared in nearly all eases. 

The late manifestations, which up to the present time have Isccn encountered 
only m names, arc due to lymph stasis from obstruction of the larger lymph 
vessels and accompanying tissue changes. In the sast majority of natives with 
Wucherena, the only positive evidence of infection is the presence of circulating 
microfilariae 

Oseiiorixciuis. Clinical cviJcncc of infection with Onchocerca volt ulus is 
manifested by the suixutanenus nodules In Africa these are usually over the ribs, 
in ibe axillae or pophical spaces, or on the elbows; in America, about the bead. 
Cases of elephantiasis have been attributed to Onchocerca t-ohulut in the Congo. 
The microfilariae cause irritation of the skin in varying degree and appear able lis 
spread for a considerable distance from the nodules In chronic eases and especially 
those v»ith nodules about the head, they may penetrate into the tissues of the eye 
and cause intense irritation, lamination, photophobia, a punctate keratitis with 
ir uu and uveitis, a choroiditis, and possibly a retrobulbar neuritis. Microfilariae 
liavr Ivecn reported in the optic nerve itself and blindness nuy occur, furlicr ob- 
servations indicated that ocular manifestations subsided promptly after excision 
• f alj nodules, thus culling oil the supply of microfilariae, subsequent reports have 
m.t confirmed this first reported by Robles (1916). (Ins condition has been 
described at length iii the monograph of Strong ct al. (|vl4). Although involve- 
mrnt id the rve has been coniidcird peculiar to the American infections, lliscttr 
ll'i.’l) has drscnlicd identical lesions in more than half the ('op illation of certain 
sir uken villages in the Congo, Dry ant (1915) has rrjHirtrsl onchocerciasis in the 
Sudan and Icbevrs it to l>c the major cause id "Sudan blindness" Ridley (1945) 
has riiij bastard the seriousness of this disease vshrn it alfrets the eye. 

laicsjs Inlet i on wills /air/»i develop* dimly; /runs three to ns years may 
r’apu- In-fore iimn filar sar apj<ar in the l*!ovd. 'Ilie aduli vs onus living in rhe 
t.rmetlivr l*vu.r wander rsunsivrlv and may apjear in s-j-eifu ial tissues, »*»ca 
so ’va'W a'.*ool live rvtli.l s t un'rr the c« njur.it is a wbeie they cause r-orr < t Ins 
«».i ui h<a! mnalii n They may cause areas si localized edema, j art.ii-liilt < 'j 
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the hand, and arm,; these Calabar swelling, are about the size of hen’, 
pear abruptly, are pamlcss, do not pit on pressure, and subsidc 
day,. They have been regarded as allergic phenomena. Microfilariae may „ bt 
demonstrabfe m the Wood of infected persons, even those from which adult worms 
have been recovered. 


MaNSONELLA OzZARDt AND AcANTJJOCHEIEONEMA PtRST AN S Infection. These 
ptodnee few or no symptoms in man, although there are occasional reports of 
pathologic changes due to the parasites (Garrarr, 1945). 

D*acvhcvliasis. The guinea worm causes no symptoms during its development 
Penetration of the dermis produces a painful ulcer accompanied by burning and 
itching and often by nausea, vomiting, diarrhea, urticaria, asthma, and fainting; 
such symptoms suggest an anaphylactic reaction. 

Diagnosis. The diagnosis of filarial disease is usually made by finding and 
identifying the characteristic microfilariae; adults arc rarefy recovered. The micro- 
filariae of all species except Onchocerca occur most commonly in the blood. Those 
of Wuchereria bancrofti and IV. malayi may also be found in fluid aspirated from 
a hydrocele or an enlarged lymph node and rarely in the urine. Onchocerca 
microfilariae may be found ta fluid aspirated from a nodule and in biopsied skin 
teased out in saline; they are rarely demonstrable in blood. Puig-Solancs et d. 
(1945) were able to diagnose 79.5 per cent of 92 cases of onchocerciasis by biopsy. 

Living microfilariae may be easily seen in fresh blood smears examined by the 
low-power lens. They are continuously lashing and writhing, moving the red 
blood cells. Species identification is practically never possible on living unstained 
embryos; thick bfood films as for malaria or concentration methods should he 
used. Preparations may be stained by Giemsa, methylene blue-eosin, or hematoiy- 
/m. Afthough more time-consuming and requiring more materials, the latter 
method results in slides which are more permanent and show the diagnostic 


features more clearly. _ 

It must be emphasized that the microfilariae of Wuchereria bancrojti an ' 
malayi do not occur in early cases and may not be found in very late cases, t 
rarely been possible to demonstrate circulating formsjn Americans vnt 
symptoms of filanasis; it is not expected that these cases will ever progress to * 
point where microfilariae will occur in more than rare instances. Tht 
j'ng figure (p. 625) shows almost all of the morphologic characters use i 

ferentiation of the species. - t m- 69 other 

If the species cannot be identified by the criteria given m a ' , f 
features may be used; however, the clarity of morphologic lantto ^ 
upon good fixation and staining, and if the characters ta u a ^ 

tinguishablc it is unlikely that other anatomic features will Be «• 
more helpful points of microfilaria behavior and additional ia**** 
are briefly discussed. , . . f yr fancrofti may 

Periodicity. As mentioned previously, the microfi arise de- 

show a marked or modified nocturnal periodicity, ' ar even a ^ ^eBtely 

pending upon the geographic area involved; IV. mdayt ? 
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marked nocturnal periodicity. Loj Ioj has a sharply marked diurnal rhythm and 
the other species no periodicity whatsoever. Blood should he taken lor ex- 
amination accordingly. 

Asti Sinn Use of .MicnortLAiUE. This is of importance in Loj Ioj which has a 
more or less Battened head, the other species being rounded. The point at which 
the nuclei terminate in the cephalic end is also of help in distinguishing 
IVui herenj {tom W. mjJjyt; in the former the space without nuclei is 

almut equal m length and width, while in the latter it is about twice as long as 
w ide 

Tip 'ii 1 Tail. The shape of the tail may Ik helpful in differentiation. The tail 
is usually straight and tapers to a jxiint in ii' b*ncrofti. is sharply pointed with a 
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swollen tip in W, malayi, is usually recurved in L. ha. is sharply pointed in 0, 
volvulus and M. ozsardi, and bluntly pointed in A. perstans. 

Anatomic Structure. In the column of body nuclei seen after staining, there 
are certain definite non-nuclcaied or clear areas which represent regions iv here 
various organs will be formed. These arc the nerve ring, the excretory pore or “V 
spot, and the anal pore or tail-spot. 

The nucleus of the excretory cell and the four nuclei of the so-called genital 
cells are more prominent than others. Although these latter cells have usually been 
considered to be the pn'mordia of the genital organs, it has been shown that 
they arc more likely associated with the rectum and anus. A collection of grannies 
found in the posterior half of the body of some microfilariae is called the “Binnen 
Korper or inner body. These features arc more or less constant in position in a 
given species and arc usually expressed as percentages of the total body length, 
measuring the distance to them from the anterior end. Certain precautions should 
be understood before placing too much dependence upon these landmarks: (l)lt 
is extremely difficult for even the expert to measure these distances accurately to 
a fraction. (2) Only faultlessly fixed and stained specimens arc satisfactory for 
study. 

Distance Between Anatomic Structures and Anterior Tip 



IV biincrofti 

IV, malayi 

L lot 

Nerve ring 

20% 

26% 

O 

“V” spot 

29% 

35% 

30% 

Tail-spot 

83% 

90% 

84% 

Excretory cell 

31% 

36% 

36% ' 

First genital cell 

70% 

70% 

71% 


.Reaction to Stain. Anatomic features are more easily stained in some s P tc1 '* 
than in others. Thus IP. malayi is much more difficult to stain well than » 
bancrojti, and dilute Giemsa which brings out the sheath of the latter aij t0 
stain this structure in Loa loa. The reaction of Jiving microfilariae to met y “ 
blue is sometimes used to separate species, especially IV. boncrojli and ■ 
former absorbs the stain while the latter does not. . 

Other Diagnostic Aids. Adult worms obtained by biopsy arc almos a 
females and are difficult to identify (see key, Chapter 24). The cuticu ar m ^ 
and the structure of the anterior and posterior ends arc the characters m 1 

Considerable work has been done recently on skin and comp eme 
tests (Goodman et al., 1945; Zarrow and Rifkin, 1946; Wharton an e , ^ 
Warren et at, 1946; Saunders et al.. 1946). The reaction is a gro ^ 
antigen prepared from the closely related Blaria, {his zotigeo 

may be used in the diagnosis of any one of these filana • ^d 

has been used especially for Bancrofiian infections m &tff<fclBW l test 

in the early stage of the disease. Various workers have o 0 r a° 

to give approximately 90 per cent " 
false positive reactions. Bozicevich et al. {Wy) IOU u 
O. volvulus was fairly specific for onchocerciasis. 
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CHAPTER 24 


Keys to the Helminths and Laboratory Technics 


The Acanlhoccphala, Gordiacea, and Hirudinra which include only rare, accidental, or 
spurious parasites of man are separated in the introductory key and described m Chapter 
16, they arc omitted m the following. The keys apply only to specimens recovered from 
man or his excreta. 


Key to the Ova of Hel/niorhs 

1- Ovum with an operculum, sometimes inconspicuous . < 

Ovum nonopcrculate . li 

2. Ovum small, less than 35 /*, containing a developed larva when passed < 

Ovum large, over 50/*, without developed larva when passed t 

3. Organs of larva, particularly the cytolytic glands, asymmetrical . f 

Organs of larva symmetrically arranged * 

4. Ovum with pronounced shoulders; bulb-shaped; size, 27 to 35 X 12 to 20/*; 

in feces or from duodenal drainage Clonorchs stutnK 

Ovum with slight shoulders; not bulb-shaped, but more slender, 
t3p«ing toward each pole; size, 30 X 12/*; in feces or from 
duodena! drainage 

5. Ovum widest below middle; size, 26 to 28 X 15 to 17/*; 

m feces 

Ovum widest at middle; size, 20 to 30 X 15 to 17/*; 
in feces 

6 Ovum ovoid in shape 

Ovum rhomboidal, broadest id middle and tapering toward both poles; 
size, 160 to 170 X 00 to 70/*; in feces 

7. Ovum very large, avec 130/* ia length. •. 

Ovum medium-sized, less than 120/* in length 

8. Yolk granules evenly distributed throughout yolk cells; size, 

130 to 140 X 80 to 9Qfx' t in feces 
Yolk granules concentrated around nuclei of yolk cells; size, 130 
to 150 X 65 to 90/*; in feces or from duodenal drainage 

9. Operculum very distinct and flattened with definite shoulders; dark 

golden-brown in color; size, 75 to 120 X 45 to 65/*; m sputum; m we5ierm i « 

feces m one-third to one-helf of the eases 
Operculum nut flattened, often indistinct; yellowish-brown JO 

in color; in feces . 

10, Relatively thick-shelled; broadly barrel-shaped with broad 
operculum; size, 55 to 75 X 40 to 55/* 


Echnojioin* 


Relatively thin-she!!cd; oval in shape with narrow operculum, 

size, 85 to 115 X 55 to 70/* 

1 1. Ovum contains a ciliated larva; with conspicuous spine Qt 

minute knob — . . „ knob . 

Ovum does not contain a ciliated larva; without a spine 
628 


Oputhorchs 
Metagonwut i^PS ma 
bmrofh" 

>oth poles; 

Gasiroiucotict lor»tM 

9 

Fasciolopw 6“$ 
Fasciola 


O^llobothrium h** 
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12. Ovum with a conspicuous spine 13 

Ovum with a minute knob (frequently difficult to demonstrate); ' 

size, 70 to 105 X 55 to bfyt; in feces Schistosoma jopomcum 

13. Ovum with terminal spine; size, 110 to 170 X 40 to 75^, m 

urine, rarely in feces Schistosoma haematobium 

Ovum with lateral spine; size, ! 10 to 180 X 45 to 75^; to feces 
or biopsy ot rectal ampullae, rarely in unite Schistosoma mansom 







UJU PARASITOLOGY 

14. Ovum contains an embryo with three pairs of hooklets U 

Ovum embryonated or unembryonated but never with hooklets . . » 

1 5. Ovum with a single thick, brown, radially pitted shell 

(embryophore) ; spherical (diameter, 30 to 50/t) or 

subspherical (30 to 40 X 20 to 30/*) . . . Taenk Jpcci£J 

(must be differentiated by adults) 

Ovum with outei and inner shell separated by space; outer shell moderately 
thin without radial pitting; inner shell thin, colorless ..16 

16. Ovum single; inner shell with polar thickenings . 17 

Ova in packets of usually 10 to 12; inner shell without thickenings; 

outer shell transparent; spherical; diameter, 20 to 50/* Dipylidium camaum 

1 7 Outer shell transparent, inner shell with polar filaments; 

diameter, 30 to 6Q/*, . ... Hymcnalcpts him 

Outer shell light yellowish-brown, inner shell without polar 
filaments, size, 70 to 85 X 60 to 80/* . Hymenolepis imrntt 

18 Ovum with dark, brown shell 19 

Ovum with clear, transparent shell 22 

19 Ovum barrel-shaped, with mucoid plug at each pole, with smooth shell *0 

Ovum oval or ovoid, without mucoid plugs at the poles; with rough 

mammillated shell . • 21 

20. Shell with radial striations; size, 50 to 65 X 30 to 55/t; rare, 

spurious parasite Capillana hepsiui 

Shell without radial striations; size, 50 to 54 X 22 to 23/* Trtchunt tnchturs 

21, Ovum broadly oval, size, 45 to 75 X 35 to 50/* Ascaris lumbncoides (fertile) 


21. Ovum broadly oval, size, 45 to 75 X 35 to 50/* Ascaris lumbnc 

Ovum elongate, oval, or rhomboidal; size, . . 

88 to 95 X 40 to 45/* Ascaris lumbncoides (infertile) 

22 Shell very thick; rare 

Shell thin, much more common forms ... 

23 Contents not segmented, size, 43 to 68 X 33 

t0 48 a Ascaris lumbncoides I 

Developed to larva stage; size, 50 X 35/t Physdop 

24. Ovum contains a developed rhabditoid larva 

Ovum contains embryos in various stages of development but not beyond 


Ascans lumbncoides (decorticated) 
Physalopteri caucus^ 


25. Ovum'flattened on one sufe, s,zo, 50 to 60 X 20 ,o % EMcrohu, 

Ovum not flattened on one side, oval . f ,. cor Ju 

26. Rare, only in diarrheal stools; size, 50 to 58 X 30 to 34/* troffg} oi 

Rare, only in old or constipated stools; size, 56 to 76 X 35 to / /*, _ , worm specie! 
(must be differentiated by adults or filariform larvae) 

27. Ovum bean-shaped with air spaces at poles, developed to moruJa Heterodcra martoni 

stage, size, 80 to 120 X 25 to 45p, rare, spurious parasites "... 3 

Ovum oval ..... 
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29 


28. Both poles of egg broadly rounded 

One pole of egg more pointed than other; embryo usually 
developed to morula stage; size, 70 to 105 X 35 to 55/x Tnc/iostrongylus species 
29 Embryo usually developed to four-celled stage; 

size, 56 to 76 X 34 to 50y*; common Ancyiosloma species, Nccator amcncanus 
(must be differentiated by adults or filariform lanac) 
Embryo usually developed beyond four-celled stage, 
size, 80 X 50ji; rare Temidcnt denunutus 


Differential Characteristics of 


IMPORTANT HUMAN ROUNDWORMS 


Suilacs Vin Optical S action Locking Albuminous Coat 


Altorlt / um b ft col it t 


T rich urn J_ loa Enhrobtus Htttrodoro 

fr/ehiura »cron» rtr/mcuhrlt morlonl 


m m 


Stagss ot Ds*stopmsnt of Nteo/or amtrleenut or Ancytottomo duodtnolt 


Ova of important human intestinal nematodes. 





PARASITOLOGY 

Key to the Larval Forms of Helminths 

1. Larval form a nematode, a threadlike cylindrical worm most commonly recovered 

from feces, blood, or sputum, in only a few cases from tissues . 

Lars a] form a ccstodc, a round, os a), or amorphous body usually with a typical 
tapeworm scolex, often showing hooks and suckers; almost always rccostrcd 
by tissue biopsy, rarely from sputum, ncser from feces or blood 1! 

2. Larvae — forms in which some of the internal organs, usually the intestine, can be 

demonstrated \ 

Microfilariae — forms in which the internal organs arc in an embryonic state of 
development, being represented by configurations of body nuclei II 

3. Larvae recovered from feces or by fecal culture < 

Larvae recovered from other excreta or from tissue II 

*L Esophagus rhabditifornv or pscudorlubditifoim in type 5 

Esophagus filariform or pseudofilanform in type 8 

5 Tad short, ends in a point .. 6 

utc knob Tnchostrong)lus species 

6. . • „ , genital primordtum large or 

small . - - • ^ 

Esophagus with a median and posterior muscular bulb; genital 
pruuordium small, about 20^ in length; size, 0.24 to 0.3 ram. Rhabditit species 

7. Buccal cavity short, about equal to body width in length; 

genital pnmordium large, about 35u in length; size, 

0.2 lo 0 21 mm. SumiMl': tam* 

Buccal cavity longer tlun body is wide, genual 
pnmordium small, about 20u in length; 

size, 0 25 to 0.3 mm. Ancylostotna species, Nccator *«*** 

(must be differentiated by filariform lanae or ad I 

8 Tail smooth Tnchostrong)hs specie* 

Tad tubcrculated . , , .. 19 

>J Tip of tad ends in sharp point, genital pnmordium near middle or ooay 

Tip of tad minutely notched, genital pnmordium behind n » n i 0 ,Aes sterW&s 
middle of body, size, 0.5 to 0.7 nun. r & 



Ancylostoma 

duodonala 


Afecofsr 

americonus 


Larvae of important 


human nematodes. 
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Filariform larvae of important human intestinal nematodes. 


10 Head slightly flattened, without definite constriction at the 

esophageal intestinal junction; esophageal spears unequal 

and inconspicuous, size, 0 6 to 0 8 mm. Ant j lojtoma duodenalc 

Head not flattened; with marked constriction at esophageal- 
intestinal junction; esophageal spears equal and conspicuous, 

size, 0 6 to 0 8 mm. Necator amencanus 

11 Larvae recovered from sputum 12 

Larvae recovered from spinal fluid, blood, or tissue 13 

12 Esophagus rhabditiform in type; 

size, 0 3 to 2 mm Strongyloides stercorahs, Ascans lumbncoidet 

(See couplet 7 for differentiation of species) 
Esophagus filariform in type, size, about 07 mm. Ancylostoma species 

Necator amencanus, Strongyloides stercorahs (rare) 
(Sec couplet 9 for differentiation of species) 

13 Larvae recovered by muscle biopsy (size, 0.1 to 1 mm ) or 

rarely from blood or spinal fluid (size, about 0 1 mm ) Tnchinella spiralis 

Larvae recovered from fluid taken from skin blister; 
size, about 06 mm- Dracunctdus medtnensts 

14 Microfilariae in blood, rarely in fluid aspirated from a hydrocele or lymph 

gland 15 

Microfilariae in fluid aspirated from a skin nodule, or teased out from a skin 
snip, size, 150 to 370/* Onchocerca voh'tdus 

15 Microfilariae with sheath 16 

Microfilariae lacking sheath 18 

16. Body nuclei do not extend to tip of tail, one stylet, lies in 

smooth sweeping curves, size, 230 to 300/* Wuchercna band of It 

Body nuclei extend to tip of tail; lies in irregular kinky coils 17 

17 Tip of tail swollen at region of last two nuclei, bead not flattened, 

two stylets, size, 175 to 250ft Wuchercna malayi 

Tip of tail tapers to point; head flattened, one stylet; size, 250 to 300/* Lot loa 

18 Body nuclei extend to tip of tail, size, 190 to 200 ft Acanthocheiloncma pcrJtans 

Body nuclei do not extend to tip of tail, size, 185 to 200ft Mansomlla ozzardt 

19 Larvae with hooklets and suckers; usually round or oval 20 

Larvae with anterior invagination without suckers or 

hooklets, usually elongated ribbon like (plerocercoid 

or sparganum), size, about 3 to 30 mm Viphyllobothnum species 

20 Larvae with single bladder and scolex armed with hooklets 

(cysticcrcus) ; size, about 10 X 5 mm. Taenia solium 
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Larvae with many bladders and many armed scoliees 
(echinoccocus or hydatid) ; usually single scoliees are 
recovered which are about 150^ long .... Echmococcut granulosw 

Key to the Adult Helminths 

1. Without complete alimentary canal-— mouth and intestine present or absent, 
always without anus; body more or less flattened; with hold-fast organs in 
the form of grooves or suckers ... I 
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With complete alimentary canal — mouth, intestine, and anus present; 
body round in cross section; without suckers Class Ncmatoda 

2. Body of adult not segmented; one or two suckers present; mouth 
and intestine present; parasitic in in er, lungs, blood, intestine, 
occasionally elsewhere Class Ttcmatoda 

Body of adult segmented, with two sucking grooves or four suckers, 
alimentary tract absent; adults parasitic in intestine 


Class Ccstoidea 
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Cl- ASS Trematoda 

1. Sexes separate (dioprin««3 

2. ‘ ■ - - . • .4 

- 0 — ‘cmaic with large number 

-* »»* uterus 

Male mih grossly tuWulated imeg .mm; fan* jiot jnorc 

than four eggs tn uterus f . 

i Male with four testes; egg from menu of female showing 

./r", 31 ' • Schistosoma haematobium 

Male wuh seven testes; egg from uterus of female with 
rudimentary lateral spine Schistosoma ppomcm 

4. ventral sucker usually anterior to middle of body, never at posterior end 5 
Ventral sucker conspicuous, at or near posterior end of 

c Gastroiueaides ho minis 

5. With only an oral and ventral sucker , 6 

Wuh a large gemtal sucker in addition to the oral and ventral 

suckers Heterophyes hetcrophyt 

6. With a circlet of prominent spines around the oral sucker Echinostoma ibcaam 

Without such 3 circlet of spines 7 

7 Intestinal ccca unbranchcd . , 8 

Intestinal ceca with secondary branchlets . Facials hefoitca 

8. Less than 2 cm m length , testes lobed or nonlobed but never with fine branches 9 


Ftsaolopsts busk' 

it 

Afetagommus j ofogtmw 

Clonorchs swtnsis 
Paragommus weftertMttt 
Optstkorchts felmeus 


Diphttobolhnm tom 


Two to 7 cm. in length; testes extremely branched 

9. Testes lobed 
Testes not lobed 

10. Testes with few primary lobes 
Testes with many secondary lobes 

11. Testes deeply lobed 
Testes weakly lobed 

Class Cestoidea 

1. Scolex or "head” recovered 
Gravid proglodis recovered 

2. Scolex with two longitudinal, shthke grooves or suckers; 

about 1 mm. m diameter 
Scolex with four suckers 

3 Scolex with rosteilum armed with hooks ^ 

Scolex unarmed 

A. Scolex globular, large, about 1 mm. in diameter, armed with two y eemi s o(tum 
roivs of hooks 5 

Scolex club-shaped, small, less than 0.5 mm. m diameter .mpsm 

5. Scolex armed with one row of hooks; about 0 3 mm in diameter i 
Scolex armed with three to seven circlets of hooks; 

0 25 to 0 5 mm in diameter 

6. Scolex pear-shaped, large, i to 2 nun, in diameter 
Scolex club-shaped, small, about 0.5 mm. in diameter 

7. Segment longer than broad 
Segment broader than long 

8. Genital pores ventral, uterus rosette-shaped 
Gemtal pores lateral, uterus a transverse elongated sac 

9. Segments less than 1 mm. in breadth 

* Segments about 2 5 m m breadth 


DifihditM c* mwm 
taenia sW nm 
Hymcncbeps dimmti 


8 

Istm 

9 


thphylhbothnum 

H\mtnolepi 
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Adult* of important human ccstodes 


10 Uterus with median stem and a varying number of lateral branches, with single 

genital pore If 

Uterus composed of a large number of pockets, each filled with 
ova, genital pores double Dipyltdtum camnum 

11 Uterus with 5 to 13 main lateral branches on each side Taenia solium 

Uterus with 15 to 30 main lateral branches on each side Taenia raginata 

Class Nematoda 

1 Worms with different regions of the body varying in diameter, usually tapering 
toward the extremities, usually found in the alimentary tract or embedded in 
the intestinal mucosa 2 

Worms long, slender and threadlike throughout entire length, found in tissues 
of man, never in the intestine 13 

2, Worms with a more or less slender, threadlike anterior region and a thicker 
posterior portion, esophagus inconspicuous, with long posterior region com- 
posed of a small tube surrounded by a single row of glandular cells 3 

Worms tapering to cither end but never as above; esophagus prominent, with 
heavily muscled posterior region and tnradiate lumen 4 

3 Large worms {female, 35 to 50 mm.; male, 30 to 45 mm ) with 

anterior end of body long and whiplike Tnchunt tnchiura 

Small worms (female, 3 to 4 mm , male, 1-4 to 1.6 tnm ) with 
anterior end filiform but not whiplike Trtchtnella spirahs 

4 Anterior extremity markedly bent, males with a conspicuously widened 

copulatory bursa 5 
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7. Outer pair of teeth large; smaller inner pair without accessory 

processes (female, 9 to 11 mm.; male, 8 to 8 5 mm.) Anc^lostoma brazthcnse 
Teeth of equal size, the inner pair with a small accessory 
process (female, 10 to 13 mm ; male, 8 to 11 mm ) Anc-^lo stoma d nod enal e 

8 f ' 9 


end A sc arts lumbncoidej 

9 Anterior end of worm with conspicuous cervical alae; 
male without bursa copulatrix (female, 8 to 13 mm., 

male, 2 to 5 mm ) Enter obi t/s vcrtmcularis 

Anterior end of worm without cervical alae, male with or without bursa 
copulatrix 10 



Adults of important human somatic nematodes 
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10. Very small worms, less thin y . 

bursacplarri, (fetnafe. 1. 8 Wi ‘ h °“' 


MC - ' V ° rmS ' th “ « — in length; male w„h b™? W " *"■* 


Trich o strong) lut colubnjorms 

H 

.... 15 


Lot lot 


copula trix - 

.3. 

Spicules of male pointed (female, 5 to 6 mm • T™hostrong)lus onatiu 

male, 4 to 5 mm.) ’ ’’ 

13. Cuticle with raised nodules or slriattons 
Cuticle smooth 

H Cuticle unit nodules or minute bosses (female 50 to 70 
mm., male, 30 to 35 mm.) ’ 

Cuticle with annular .tnau ons (female, 115 to 700 mm.- 
male 20 to 50 mm ) 

15 Females very long (500 to 1200 mm.) ; males rarely 
found deep in tissues (12 to 29 mm.) 

Id tT';?”!''?, I2 ? mm lcn S lh; “alts rarely found 
10. Tail of female bluntly rounded 

I a, | (.male with appendages 

' "2, 1C ' nd , ! a ’''"I 1 c “ rlt (female, 80 to 100 mm.'; 

male, 40 mm.) 

Tail of male ends in about three spiral eotls (female, 55 mm 
male, 22 to 23 mm ) 

18. Tail of female bifurcated, head with cuttcular shield 

(female, 70 to 80 mm ; male, 95 turn ) AcMhochnhr,,mi firm: 

Tail of female with twollcshy appendages, head unarmed 
(female, 65 to SO mm ; size of male not known) 


Onchocerca i oh ulus 


Dracunctdus medmenm 
16 

17 

.. .. « 


Wuchercna banerojti 
Wuchcrtna maty i 


Mansonclli ozzardi 


Laboratory Methods for Helminths 
The laboratory methods used to demonstrate the diagnostic stages of helminths are 
many and diverse. Few or none of them arc without disadvantages and only a small 
number have general adaptability. The laboratory technician must weigh many facto” 
before deciding which technics to use. He must answer such questions as: What are the 
most common and important helminths in this area? How many specimens will there be 
per day? How much apparatus is available? How many technicians will be working? I* 11 
important to discover all infections or only the heavier ones? Are quantitative result* c- 
sired ? 

Only diose procedures which are believed to have practical application have been » 
eluded here. An attempt has been made to select methods suited to the most pruning 
conditions as well as to the better-equipped laboratories. , 

Examination of Feces. Feces should be examined for the ova, larvae, or adults o 3 
the flukes (other excreta preferable for S. haematobium and P. western am), the int r 
tapeworms, and the intestinal roundworms (other methods preferable for Entero, “i ^ 

Jn most instances several methods are available and at least the direct smear an ot>e 
the more refined technics should be employed before a negative report is rendere ^ 
Stools should be collected m clean, dry containers Examination should c . m * cnUlfl 
soon as practical after collection, but in most cases helminthic materia! wi ^ {2iJ)C j 
identifiable for several days if the stool is kept m a cool environment Specimens o 
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by purlins f if cncmit may be po'itue when the ordinary woof it negative Rcprcjenuchc 
fecaj j«ortmm may be placed in air tight container* fmrul pihboxc*), packed and thippcd 
to du^noitic Lhoraiunct 

The ov i anj larvae of the belmintht may be found movt c^ornilr under the low power 
(If* mm ) iJiteclive Mow vtorkcrt f rcfrr j IOv ocular and a rail c r vuMurd illumination 
After the para win are found they ma> be more clotel) examined bv the high dn (4 mm ) 
objective the oil mtn.ervimi objective i* almoit never required for identification \f) 
(•reparation* vhoulJ }»e examined »»«irmaiica!|y tiegiflfling at one comer and travertin,; 
the preparation back and forth until all field* hate been viewed (tee diagram, p H’l 
I >in it Sum* 11 it ii utrd at the f.nt and aljpurjtove method for any itage of helminth 
which pjtvr* in the feet A At lean tfiree tfrcari thould f>e examined from three different 
Joftiom of the ijKiunen, at a ruY the outiiJc of die ilool pin the lighevt percentage 
of |«*«itnC fiml.ng* The uo of the blood tlukei occur n-oit frequently in email cfol* d 
blood and inunii Hit technic it urnple and a very imali amount of aj'parJtui n rrquireJ 
fhiwevrr, light infer tiont are frequently muted anJ the mctlwkl n not quantitative 
rioiMr \ uriall qvccinien from the itoid i» thoroughly emultified in uline or tap waicr 
by rnrani of an aj-pheatcr Any large particle* which would keep if.c coverglai* from 
trilling are removed The i/nrar ifmiild l>e heavier tlun tlut employed in trarifnng hr 
minimal proto/ua. newiprint thould be tuit legible thtnugh it \ mverglau w placed on 
die preparation, air bubble* being avoided by the method Jewiihcd under tnirti.nal pfiv 
lo/oa (p SSJ) Hie wnear n examined *> ifcmatiial/r under the low (»>wrr lem of a 
««i'|atuid «• uruuope Nematode larvae winch are u*ua!ly very - acute in the free* ma* 
l<r quirted anj Warned foe identification by iodw*. eot.fi. or other mlutionv 

SrmiMvu 1 »•>« «iv» umi 11.it rnnLd rtav 1* u*ed tot all helminth ova and 
Lf tar The orcann.ni remain in die filtrate fnan whwh tf e c«urve nujiage u renamed 
Hut method it of advantage m that mu»h of Ow material which rukci tie (waiuri hard 
to I fid »nd red gnirc it removed It it of grcatrvt value when combined vwiJi other 
n fil.*!) I* a ii diudiantagr in tlui there it little or.no c'-th miration of the jurawtri 
* ill n many ca>ev ova are U > if by the jynceti ft it nw ctgmiming and three u danger 
I ii nia ' mat* n fhcti a jfr>i. >uv'y ea ph.ved u tuner 
frig'll* lipiiwjitlr I t*,in of trie* it rnitrd in a tn^II a.nount of water Hut a 
patted t! luiji >!a. }<r*<d thrciecloih « wire tcreen I ^0- to IMiwld Lopiult of the 
fu'rtfr are r**n 'ad he pa fa urn 

* » • » <it miMmm. Hut ir-eflmd it med paitivularly {>* recovering the trr.al'er 
■no tonal Witt* * L*iua> y lf.e*e parautei are i>riJy found wJnrtjumi t.» treatn-enr all tt<«lt 
*lu^ 'd 1^ r m- »-;> J he two te i! cce tla|t after the ad."i -..ttratufi id «l e ant be l** mthic 
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* Am paste .The amount of Hater required usually falls befit ee„ III ln dS 
“f‘, I specimen. Muting is Minted s! the fi t>t mtB jJJtJ j, 

slightly warm. The diluted spec, met. is then placed ,n a tail gf a „ qluide, , J*. 
shaped graduate and allowed to stand. After one to two hours the top three-!™, fc i 
siphoned or poured off. the cylinder refilled with water and the content, turret! „a tti 
allowed to stand for a second one- to two-W pertod. The set), mentation «, , 
repeated until the supernatant fluid is almost dear. (Ce«f«w. Schistosome osa mat but 
if the procedure requires mote than four hours.) Portions of the sediment are rawed 
py means of a pipet to a glass slide, covered, and examined systematically wife ihelcu- 
power objective. (Note: Some workers prefer removing the coarse roughage bcfwc tk 
first sedimentation by passing the fecal emulsion through a strainer (30- to Wmcsh) 
Sec straining methods for advantages and disadvantages.) 

Centrifugation: 1 MNVAtw method. This is used for all helminth ova and larvae a 
feces, ft is the best all-purpose concentration method. However, it is nor so effective or 
simple as some other method* f n ~ *•'** r ' Ijninths and is not quantitative. The method 
ole. 


thoroughly in 10 to 20 times its volume d 
v vutui a tnm paste is formed. This is strained (20- to 40-mesh) into a centrifuge tube 
with founded bottom and spun one to mo minutes at approximately 25CO mrinjim 
The supernatant solution is decanted, the tube is filled with water, its torttm ward 
thoroughly and centrifuged again. This process is repeated until the supernatant fiuid « 
dear (Note For most laboratory diagnoses two spinnings are adequate.) The sedimtat 
is removed to a slide and examined. 

2. acid- ether method. This is used especially for the schistosome ova. U gives shout i 
five-fold increase over sedimentation methods in numbers of ova found. Us disad»an»p» 
are that it is expensive and lacks general applicability. The addition of » detergent, 
Tmon NE, has given superior results in the hands of some investigators (Hunw et 
1945). The modification 6f Loughlin and Stoll (1946) gives excellent results and nwy 
replace the older technics. 

Technic About l Cm. nf feres is thcvrnuvhlv rmnlvifird in 5 ml. hydrochloric ana l 


one minute at 1500 revolutions. The debits at the acid-ether junction u . m 
ringing with an applicator stick. The acid and ether ate pouted off rapi y- * ! . ^ 
is stirred in the remaining solution: a drop is decanted to the slide, coi«c , 
amined systematically under the low-power objective. , ^ 

PtoTATioN. This method is used especially for the intestinal rowd worm ^ 

the eggs of certain intestinal tapeworms (Hymenolepis nano and H. » m * * 

very simple procedure and gives a highly effective concentration t requi f ^ 
lus and time. Its disadvantages are that it is not quantitative an J ( [ wns o( 
regions where the flukes and tapeworms are not important. It m f 
all flukes, DtphyUobatknutu , and a considerable percentage of T , 
infertile A scans. , - , chloride f ljtfc 

soDurtONS, Any one of the solutions listed below may be used- Sod. m 
salt) is the least expensive and very efficient if used correct y. 

I. Table salt (mule). Saturated solution NaO-sp St [5 “1 fiawna”"’ I. 11 
1. Table sugar. Satuuted solution (2 lb sugar, 1125 m . 

ml, phenol arc added / 

3 Calcium chlondc. Saturated solution CaCh 1Jga (A solute'" 

4 Zinc sulfate. 33! Gm. ZnSO 4 .7H.0 USP tn 1 !,<« ’ *“»■ Sp ' ^ 
sp. gr. 1.20 is used fox formalin-preserved material./ 
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tiuimc. About I (im of feces is tlioniu^if emulsified in a snuff amount of one of she 
above solution* m suitable container Glass Mats 2,5 cm m diameter and 5 0 cm. tall are 
scry satisfactory, 1 he solution is added until it nearly fills tlic container More is carefully 
added unul a slight meniscus (onus at the top of the sul A slide (should oner entire 
surface area) is placed user the vial in contact with il*c meniscus The covered Mai is 
allovsed to stand for 10 minute* to l hour (never over U) minutes for brine) The slide 
is removed by lifting it straight up, U is inverted ami examined systematically by the tow- 
power objective {Note Alttmaine method* employ a eme-rgbs* instead of {he gia.s 
slide over the meniscus or dispense with both slide and rovcrglavs, a suffice film burg 
removed for examination by means uf a loop ) 1 or other recent mgenuun methods vt 
Egan (1940 and figenfetd and Schlcisingcr < 104-4) If dented the specimen ua J s« 
strained before the ova are floated Tins give* a clearer field hut a certain percentage o‘ 
the eggs are lost, it is usually not considered necessary 
CoSUINtD OlStfNTVSTIOM OP IWlTII HtLSlISTli 0\A AM* I’Wltil/IUN Curl: t. J 'T. 

ci\r*>n .ton noTATiov* (falst it ac, 1935, 1939) Tim i» the best nieihod for ttrtnas 
concentration of both proto/ nan c>*t* and helminth ova < Ve p SSI for the \rt\jwZ < • 
i* applicable only to ova that will float and consequently ha* all the <huduno,/f •' i 
flotation methods It ts inferior to direct flotation for helminth* alone and rc/jure: " 
time and apparatus ft is not quantitative ft i« recumnirndrd for I ihoratories *•!«'. cv- 
to diagnose both protozoan and worm infections in one procedure but not fur Sr' -a*, 
alone 

hsmavnoN or Woast Ik *t>r s (QvAmvtivc) Tliese methods arc not _ 

routine laboratory or field work Their value lies in research and in studies tv vve*,. 
the worm burden of various populations Probably the most efficient %/ . - 

quantitative results fur hookworm, A team, and Tnrhuni ova iv the direct "■< • 
tation method of Lane 0921) Stoll (192?) and Caldwell and t-jld»ed /. „ _ 

designed efficient osa-counting methods that can t*e highly refoinn, tvJ* » 
method* require careful technic and special apparatus The original ; j-,r~ : 
modifications should be carefully studied l*cf«>rc the method* are cr ;< / ■ 
mann technic can afso he adapted for ova counting 

Hatching Ticiimc. This is used e${>ccially for Schistosoma mamom * ... 

ova (sec examination of urine for the application of this method to y „ 
method la* a high efficiency in disclosing scry fight infections. It »» t „ 
requiring but little apparatus However, n i* time-consuming, and inf" e , 
ova arc trussed 

notMc The fecal specimen is sedimented Tin* sediment it dJ„ - 
and allowed to stand for 12 to 24 hours The top few centime irr« 
with hand lens for free swimming tmracidia (Caution 1 jtr 
(dilates) occur in t u!e water and may lie confined uttfi the {»*■> 

Cci.Tt.it Minion This is used primarily for hookworm and if. j 
a simple technic which require* little apparatus, ft has the dv, 
consuming 

tummc. The feeal specimen ts mixed with an equal quanti*; v , 
coal or sterile sand Enough water is added to give a soft .re- 
placed on a piece of wet filter paper in a Petri dish and cos'- _ - 
non on the underside of the cover »v examined at varto.i 
recovered by using the liaermann technic 

P*ts*A»_vno*r op Aw.lt Helminths pox Intsttncvnov, 
identified macroscopically, or microscopicaHy under a di*.- 
power objective of a compound microscope. ( pro^-L-. 
flukes may be pressed between two slide* cti 

low magnification; immersion in “5 par * 

clear the animals and is of v alue parucu’ 
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PttiMVAUON or Ficj. Specimens, This procedure is used i„ esses where mmlw, 
examination of the stool ,s not practical. The fecal speemten ,s diluted v,,h”px“ 
until a thin paste is formed. This tmxture and an equal amount of steaming 10 L tea, 
formalin arc poured together into another vessel. This is set aside for a few hoars Tim 
the supernatant solution is decanted and the formalin replaced. (1 Veres FonnaWcsened 
ova are heavier than those from unfixed stools. If dotation methods are used to tracts, 
irate them, solutions of 1.20 or higher must be employed.) Mapksiont and Muktni flStf) 
recommend adding I per cent sodium chloride in the proportions of 30 - 1 to the stool 
Such fecal specimens may be sent to a laboratory; the ova will remain recognizable for 
about one month. 

Preservation op Helminths Recovered from Feces: ova and larvae The immature 
stages of the helminths after concentration by sedimentation or centrifugation may be 
preserved in steaming 10 per cent formalin. If it is desired to keep the ova for periods 
longer than about one year they may be transferred gradually through a graded series of 
alcohols, 30 to 50 to 70 per cent 

adults. A simple and practical method of fixation which is satisfactory for identification 
and preservation of laboratory specimens is given below. In cases where fine histologic 
detail is desired, more complex fixing solutions are required, and a text on microscopic 
methods should be consulted. The fixative used and technic employed will vary depending 
upon the species involved. 

Technic. Living worms are placed in warm normal saline solution and shaken until 
the animals are completely fatigued. Steaming 5 per cent formalin is then poured over 
the relaxed worms while they arc being shaken constantly to prevent contraction. Dead 
worms need only be washed with warm saline and dropped into steaming 5 per cent 
formalin. For the roundworms 10 ml. glycerin to 100 ml. of 5 per cent formalin, added 
before heating, may be recommended 

Examination of Perianal, Perineal, and Other Body Regioas: Perianal and Perinw- 
Areas Removal and study of material from around the anus is the method of choice for 
the diagnosis of Enterobius vcrnuculans. Only 5 to 10 per cent of those mfected »»«> 
this parasite show ova in the feces Some workers have recently reported higher posiuit 
findings for Taenia sagmata. Schistosoma mansom, and S. \apomcum by this fcc “ n ' c £ , 
when the feces alone are examined. Ascarts and Trie hurts o\a also may be found y 5 
method bur fecal examination is more efficient for these species. For best resu U 
specimen should be obtained before defecation or bathing in the morning, t is tec 
mended that several specimens be taken on different days before a n< -S atl '' re ^ . 
given The pestle method of Schuffner and Swellcngrebel (1943) an t £ 5 1 c jbe 
of Petersen and Fahey (1945) are recent developments which may prove better 
technics given below. Watson and MacKeith (1946) discuss and descri e vario 
including a tissue paper swab and a camcPs-hair brush technic. , . > . the 

NIH ANAL SWAB. This is used primarily for E vernuculans, but is also app , . , Vil |, 

other species listed above. The advantages are the very simp e tec ™ c c ° , h $««• 
h,„h Jm * Tkc .r,n,V p. I- U, ,h. nnnrrm nr ihflf IMCfOt* ^ W i 


The rod is replaced in the tube until ready for examination inen “ c r ^^oT 
and the cellophane is spread on a slide with a few ^ops o ^ mJCf0 j CO pscilIy- 
This is covered with another slide or a heavy coverglass an swrab . jt is a vc t<! 

scotch-tape METHOD. This is used for the same species as ^ wc ;; adapted to 

quick and efficient method requiring very simple TO"** .It ^ 
use by the patient with later diagnosis in the laboratory as ^ a dhes»e s“*e «* 

Technic. A small strip of transparent scotch tape « d back *„d and 

over the rounded end of a small test tube. The test tube * rockeQ 
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LABEL CLASS KOO RUBBER BAND 



STOPPER $«A8 

National Institute of Health (KU1) a tut »wab for pm worm. 

on the perianal foiJt, allow tng the tape to pick up the fecal debris The tape it then placed, 
with sticky tide down, on a slide and examined microscopically 
ft sect sails The fingernails arc examined mainly for £nurobiut termsmlant hut they 
may harbor other species in which infection pane* from the contaminated fingers to the 
mouth Positive findings demonstrate one method of infection but do not indicate neces- 
sarily the presence of infection itself 

Ttuivir The dirt it rcmoicd from under the natU with cotton soaked m 5 pet cent 
sodium hydroxide The cotton is then rinsed in a small amount of sodium hydroxide, and 
the solution is centrifuged The sediment is examined microscopically. Some workers 
(Scliulfner and Swcllcngrcbel, 1044) prefer materials other than cotton in the above 
technic 

Nosr Essentially the same method it used in examination of the nose 3t Out employed 
for the fingernails Tor the nose, however, the examination is less reliable from a diag- 
nostic standpoint The nose is swabbed with dry cotton from which the sediment is re- 
moved and examined as is described above 

Examination of Sputum. Sputum is primarily examined for the ova of Paragontmtsi 
wertrrmam, the lung fluke In a very few cases, however, larvae and adults of Strongy- 
lo/ihs and more rarely Ian ae of Aseant and the hookworms hav e been found Jn eases 
where a htdatid cyst of the lung lias suppurated or a liver cyst ruptured into the lung, 
scohces and fragments of the cyst wall may be found m the sputum Schistosome ova 
may also occur in the sputum (Silveira, 1944) 

Dm ter Smear Tins is used for all the species listed above, particularly the lung fluke. 
It is a simple method requiring little apparatus It docs not concentrate the parasites 
rrnrvtc The mouth is rimed out thoroughly with hydrogen peroxide and the patient 
is asked to cough up sputum from lower respiratory passages into a cup The sputum is 
examined microscopically as for fecal specimens, particular attention being paid to iron- 
brown specks which may be the ova of the lung fluke In cases where echinococcosis is 
suspected, Best’s carmine is recommended to dilfcrcntiatc the smaller fragments 
Cujtsifloation Thu method it used especially for detection of lung-fluke ova. It gives 
an effective concentration oF parasites It requires more apparatus and time than docs the 
simple smear 

techmc If the sputum is 3i all thick an equal amount of 3 per cent sodium hydroxide 
solution ss added to it before centrifuging at high speed After centrifugation the super- 
natant solution is decanted and the sediment examined microscopically 
Preservation of Luso-fluss Ova Ova of the lung fluke may be preserved in a solution 
of 5 parts glycerin, 1 part phenol, and 94 parts water 
Examination of Urine. Urine u primarily examined for the ova of Sehtstasoma haema- 
tobium, microfilariae of IVueherena bauerajti 3nd larvae of Strong)!otdes stercorahs have 
also been recovered Eggs of the dog kidney worm ( Dioctopbyme tenale), a very rare 
parasite of man, arc passed in urine 

Sedimentation Tins method is used for the detection of ova of Schistosoma haemato- 
bium The technic is the same as for examination of the feces except that no dilution 
ts necessary 
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<«< *c detection of 5. r 

anl ! X larvae. This technic is also the same as tale, 

tcccs. No dilution or staining is necessary, however. 

feces"?'?, 0 Tl , C r C - ™ S ‘" r S ’ The method is the same as f« 

the surtec "’ ” arc '""'V ,i ' slnb “ 1 “> m Use stater, not concentrated at 

Examination of Blood. Blood ,s examined for the microfilariae of all filar, al storm, cs 
cept Onchocerca foie, for The specimens should be collected at the most adsantajem, 
time of the day or night depending upon tlse sjscccs (see laboratory diagnosis of Ftlaru) 
lamae of TruhmelU ,f,ral „ occur in the blood from the sixth day alter inlecto. 
until the end of their migration period but can be demonstrated only lit scry kelly 

infections. 


Frlsh Smear. The fresh smear is examined primarily for microfilariae, which are easily 
seen under the low-power objective of the microscope. Microfilariae have a characteristic 
writhing movement. The method n a simple one requiring Jinle apparatus; it misses light 
infections and is often not convenient. 

Tiuk Blood Smear For the detection of parasites the thin blood smear is made and 
stained like the thin smear for malaria (p. 506). Frequently light infections are missed and 
the sum i$ often not adequate for species differentiation. 

Thick Blood Smear. This is made and stained with Gicmsa like the thick smear for 
malaria By using a measured quantity of blood, usually 20 cu. mm , it can be ma<fc 
roughly quantitative If Wright’s stain is used the smear must be dchemoglobmizcd. This 
is a scry ad » an ta genus technic since both malaria and filanasis can be discovered on a 
single slide and by using a single stain. It is usually the method of choice. 

Concfntra nos I cENTKiFi oatioh or SEDIMENTATION. Centrifugation or sedimentation is 
used for the detection of microfilariae and the larvae of Tnchmella spiralis Laked blood 
is usually used for the latter, m which the method is of value only in heavy infections It 
affords a concentration of imcihfilanae and larvae. However, it is time-consuming, re 
quires appropriate apparatus, and is seldom necessary since the thick smear will give 
nearly as good results 


examined microscopically or a smear is made which is dried and stained. (Note. 
talion for 12 to 24 hours can be substituted for centrifugation if the blood is c 
2. KNOTT concentration. This is used for filarial survey work, especially in ^ 
the microfilariae show nocturnal periodicity and it is more convenient to take ay ^ 
The method is excellent for survey work and can be made quantitative. o{ 

Summers (1945) have described a new and promising technic for the cone 
microfilariae . „ „ rrnn ,faec tube 

Technic. One ml. blood is mixed with 10 ml 2 per cent formalin in fo( . Jfi 

The mixture is centrifuged at 1000 revolutions for five minutes or sc i ^ ace bub- 
24 hours The supernatant fluid is decanted, care being taken to g« 0 , cr arras 

bles The sediment is aspirated with a capillary pipet and spread on , cthcf 
about 22 mm. square. It is dried u> air and fixed (or 10 minutes ’ ^routes " ,lh 
and 95 pet cent alcohol The sl.de rs deed ,n an-jtnd stained for « » „ Jsht j 
Delaficld’s hematoxylin. It is rinsed quickly in 0.03 per cent by ima , t ision o4>‘ 

running water until the blue color appears, and dried in ^ ahmaaa » el- 

placed on the smear and examination is made systematical / 
jeetive. Some workers prefer to place a coversl.p on ^ ^' a ^ <to « are usuA 
Special Stainixo Methods. Although the stains rct0 bringing cat the 6> 

quate for finding the microfilariae they are often inadequate 
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dchub necessary for identification The folfou mg melhods stt recommended in these in- 
stances and also when good permanent slides are destred 
vital stains These are used to differentiate microfilariae of the various species Hie 
method xt simple requiring little apparatus, however, the slides arc not permanent and it 
is often inconvenient to carry out this method of staining 

Tecfmtr A very small drop of blood is mounted under a cmerstip \ drop of 1 part 
methylene blue to 5000 parts physiological saline arc drawn under the cover slip and the 
slip is ringed with petroleum jelly If microfilariae are rare they may be concentrated in 
several cubic centimeters of blood by dehemoglobmtrjtum and centrifugation before 
staining 

utMAToxvuN stains. These are used when fine deuil and permanent slides are desired 
Rohmer’s Heulenhans, Dclafield’s. or other hcmatoxvlm stains mac be used. The fol- 
low mg method has given excellent results at the Naval Medical School 

Technic A thick blood smear is made and thoroughly dried The smear is dclicmogto- 
binixcd for at least one hour during which the water iv changed several limes \ftcr 
drying the slide is passed through or rinsed in the following solutions mcthvl or abso- 
lute alcohol, 95, SO, 70 per cent, and tap waier (3 mm each). Hams' hematoxvhn (4 to 
ff mm 1, rinsed in tap svatcr, alcohol 50 per cent (3 mm ), acid alcohol until pink, rinsed 
tit 70 per cent alcohol and placed in alkaline alcohol until blue, eovtn alcohol (2 nun ) . 
rinsed t» 95 per rent alcohol and passed into absolute alcohol (1 mm), acetone, xvlol. 
second Xylol (5 min each) Canada balsam is dropped on the blood film and a covershp 
applied before all of the xylol has evaporated, otherwise the field will be mdkv and 
ruined (Yo/e The nme m the hematoxylin will vary between four and eight minutes 
Both vtam and countcrstam timing may have to be adjusted Particular attention should 
be given to dccnbnzation ) Gieniva shined specimen* may he decolorircd with acid 
alcohol and restamed as abov e 

Solutions Acid alcohol — 2 ml hydrochloric acid per 100 ml 70 per cent alcohol by 
volume Alkaline alcohol — sodium bicarbonate added to 70 per cent alcohol until the 
volution turns htmuv paper blue foysm alcohol — 1 per cent solution of eosm in 95 per 
cent alcohol 

Examination of fluid Aspirated from a Hydrocele, Lymph Mode, Skin Nodule, or 
Cyst. Microfilariae of Wucherena bjncrofn ind IP nnr/iiyr may be recovered from lluitl 
ukrn in mt a hydrocele or enlarged Ivmph node, those of Onchocerca can be aspirated 
lions skin nodules Scolicct arc ilcmnmiratid from a hvdatid c\'t The material removed 
mis he studied in fresh smear* or cemri/ugcd and the sediment examined {'or ufenufica- 
iion of specie* of uucrotilanae, smears are made and stained l» dilute t.iemva or hema- 
tovyhn 

Examination of fluid Removed by Duodenal Drainage. Strnn^^loiJcr ilercorahi larvae 
and the ova of the liver ilukcs may be recovered by duodenal drainage Some worker* 
rrjx>rt increased numbers ut povitivc findings as compared to fecal examinations How 
ever, duodenal drainage »» not recommended for ihe diagnosis of parasitic infection 
cvirpt in caves where all uther tecbnic* base been tried and there siill remains a definite 
xuvpivion that one of the above specie* is involved 

1 1« nvir Sediment is obtained by centrifugation or sedimentation, and examined 
mKtouropical/y 

pi » mi nai ion of Material 0 burned at it lops y (or Amopty 1. TJic presence of 
uhivtovontrv. somatic tajeworms, and somatic nwmdwotxnr winch have a more or less 
prolonged phase in the liv'ucs «.f man may lie diagnosed bv examination id biopsy 
(iiatriial Viwimicns are usually taken from the vkin, subcutaneous tissue*. lyit.pb node*, 
f*t**i » "f st, mafic jiiu'-clc*. Ihe technics given brim* arc afv» aj'piifabir to autopsy »ua 
Itful 

< ->s«i sisvxs Minin’* Hut u used fur Truhmdh larvae encysted ut muwle 

nvsue Small strip* of deltoid, b^cps, or gauri<nc :m? uvdc *fe rxan med It is ll c 
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method of choice for biopsy specimens. It should be combined with digestion form*, 
matertai. The technic is easy to perform and has a high degree of accuracy. Hoaoa'I 
is not adapted to the handling of large amounts of tissue. 

technic. One-gram sections are teased out on a compression sUSe V.d tsammed 
systematically under a dissection microscope or the low-power objective of a cmrraal 
microscope. ( Caution . Care must be exercised not to be misled by old infections) 
Digestion Methods: 1. for tjuchinfh i* 


■_ • *■ **“.««« AjuiCKer and more accurate for small amounts of tissue 

The technic will not detect larvae less than 21 days old; calcified larvae are frequently 
missed. 

Technic Up to 200 Cm. of ground-up diaphragm or other musc/e tissue are digested 
in a liter of digestive fluid (pepsin, 5 Cm ; hydrochloric acid, 155 ml; water, qs.ro 
1000 ml.). This is placed in an incubator at 37“ C for 12 to 18 hours; it is stirred occasion 
ally and allowed to sediment. The supernatant fluid is discarded, and the remainder is 
screened (20- to 40-mcsh) and revdimentcd *w u-i* >n - £ «* « ■ • ; ■ 


nuierui. small nits of the rectal ampullae were biopsied by Ottolma and Atencio (IW) 
with a considerable increase in positive findings. Portions of the intestine, Iner, and lung 
may be examined at autopsy The compression method (sec above) is also applicable and 
is recommended by some workers (Morales and Maldonado, 19-15). 

Technic Small pieces of ussue are digested in 4 per cent potassium hydroxide it CO' ® 
80* C. for three hours. After sedimentauon or centrifugation the sediment is examined 
with the low-power objective of the compound nupcoscopc. 

Parasites Teased out in Normal Saline. This method is used for the cjsticercu” 
larvae of Taenia solium removed from (he skin, subcutaneous tissues, orsvperrtcn 
musculature, the skin nodules containing Onchocerca volvulus adults and microfilariae 
and the adults of Wuchercna species within biopsied lymph nodes 

Fixation, Sectioning and Staining op Helminths in Tissue. Portions of wJFj 
tissue suspected of containing helminths, especially the somatic forms, shou * 
in Zenker’s fluid (potassium dichromate, 2 5 Gtn., mercuric chloride, 5 to S Cm , 15 
water, 100 ml ; add 5 ml. glacial acetic acid just before use) and sectioned an s 
by the usual pathologic methods. 

Examination of Soil, Furniture, Etc.: Recovery of Larvae, baeramm* wni °_ , 
Baermann method is used . 
feces or after culture. It gii ■ 

also be used after culture tc — i — " 

It is time-consuming ' . , i ( pr c(craMf 

Technic. A short rubber tube is attached to the stem of a large g ass ^ tu bc » 

ribbed) and the funnel placed m a ring stand or other support. j J£f j 

shut off by clamp or other method A specimen of sod, feces, or c ^ cheesecloth 

in a sieve of bronze or brass screening (1-mm. mesh) whicrt » hcight jb»c 

and made to fit in the funnel. Lukewarm water as pourc , w ithin the 

the lower level of the specimen m the sieve when the latter is p cefl infugc “the 

At the end of one to six hours 25 to 50 ml. water are rawn ^ ^ 5C d^t 
and centrifuged. The supernatant fluid is pipetted o tm ^ my speedy 

examined microscopically. A piece of ice placed on op » tc( j j,y a few drop ^ 
the migration of the larvae downward. Tic lanae may I WOTJn d»»mii » * 

5 per cent sodium hydroxide or iodine solution. (C«t*» ,Jd from the p»”“- 

sod are ato concentrated by this method and most be ", stingo 

forms.) 
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Recovery of Ova- from sort. Ova are recovered from the soil in surveys when it is 
desired to determine the amount of soil pollution with Aseans or Tnchurts ova. Several 
methods have been developed; that of Headlee (1936) is probably the most practical 
Technic Soil is scraped from {he surface layer of a suspected area. Five to 10 Cm of 
the soil are placed m a 50-ml centrifuge tube and 10 ml of 30 per cent amiformin solu- 
tion are added. This is allowed to stand for one hour, during which it is stirred and 
shaken frequently The tube is then filled with a solution of sodium dichromate (sp gT. 
1 35), shaken thoroughly, and centrifuged at 1000 revolutions for two minutes. The sur- 
face film « rcmo\ cd with the aid oi a loop to a 15-ml conical centrifuge tube and ihe 
tube is filled almost to the top with water. This tube is centrifuged; the supernatant fluid 
is pipetted off and the sediment examined microscopically. 

from furniture, window >ills, mantles, etc. Tlnterobtus vermiculans ova can be re- 
covered from many objects within the house of infected persons by the utilization of 
transparent scotch tape. This method is also applicable to the other helminths which 
depend upon the eggs of the worm reaching the mouth of man For the completion of 
the life cycle. 

Serologic and Allied Tests for Helminthic Diseases. Nearly every important helminthic 
disease has had a serologic test designed for its diagnosis. These tests, however, are of 
practical value only for cases in which diagnosis by other methods is impractical at certain 
stages of the disease and in which the worms cause severe tissue damage, i.e , schisto- 
somiasis, paragonimiasis, echinococcosis, cysticcrcosis, trichinosis, and filsnasis Serologic 
tests have also proved of value in the diagnosis of fascioliasis (Lavier and Stefanopoulo, 
1944) and onchocerciasis (Bozicewch et al, 1947) The tests usually have a group type 
of reaction and consequently require careful interpretation Often intradermal, precipitin, 
and complement-fixation tests are available for the same disease but only the most 
practical are recommended below The technic of performing complement-fixation, pre- 
cipitin, and uinadermal tests is discussed under Serology (p. 279), and will not be 
described below 

Tests for Schistosomiasis, complement fixation. The antigen used in this test is an 
alcoholic extract of the larval stages of the blood flukes m heavily infected molluscau 
tissues 

The test is of value particularly in carlv cases before eggs are extruded and in late 
cases where tissue reaction prevents the passage of ova. It may also be used to diagnose 
unisexual infections. Williams (1947) has found this test very useful in detecting chronic 
or persisting injections 

euci obulin precipitation (sia) This is not a true serologic test. (See p. 523 for descrip- 
tion ) It must be carefully evaluated 

INTRADERMAL test The antigen consists of saline extracts of triturated adult worms or 
heavily infected snail livers. 

The test is of value only in diagnosis since the reaction remains positive after treatment. 
It is not so effective as the complement-fixation test at present but promises to become 
more useful. Gonzalez and Wan (1944) believe this test to be the most valuable 

Tests for Paragonimiasis complement fixation The antigen is Paragommus water- 
mam adults macerated in physiological saline. 

The test is of value m cases w here eggs are not passed in the sputum or feces. 

Tests for Echinococcosis, intradermal test (casoni). The antigen fs a clear, stcnJe 
hvdatid fluid aspirated from the cysts in sheep or other common hosts. Antigen made by 
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Ths jest is ot value in old complicated cases, but 
superior. 


otherwise, the intrademul 


trsiu 


Test s for Cysticercosis: intraoermai. test. The Mijgca consists 
larvae ot various species in domestic animals 


of fluid from cjsacooK 


The test «s of value tn suspected cases, {t should be tccy carefully evaluated sad «a- 
firmed by the precipitin test, ft is not as reliable as the tests for echinococcosis 
precipitin TEST. The same antigen is used as for the intradernul test just described 
i he precipitin test is of value m confirming a diagnosis of cysueercosn made by dt 
mtradermal test. 


Tests tor Trichinosis: imtraotrmal test. The antigen is most satisfactorily made from 
trichina larvae ground in distilled water, dried, and reground. 

The test is of value after the twenty -first day of infection. Very heavy and \«y ltd 1 ’ 
infections arc often missed'. False positive and nonspecific reactions may occur, Tkt 
reaction remains positive for years after recovery from the acute attacks. 
precipitin test. The same antigen is used as for the intradermal test for trkh'mom 
The tesr is of value after the fourth week of infection. It is of about the same specificity 
as the intradermal test. 


Test for Fiearusjs (due to Wucuereria Species): intrapermal tut. The atiuptn 
prepared most commonly from Dtrafihna mmtis. the dog heartworm. Washed, dried, 
lipoid-frec worms arc ground into a fine powder. Antigen made by the Bozicc web a&2 
Hutter (1944) method is probably the most potent. Hunter, Boricevicft, a ad \Van« 
(1945) have shown that antigen prepared from the microfilariae of IK. fancroju is mow 
specific but it is more difficult to obtain Much work is being carried on at the 
time on these tests. For the more recent results sec Goodman tt al , 1945, 05iv'er-Ccfl2» rl 
and Morales, 1945; Augustine and Lhcrisson, 1946. Zarrow and Jbfkm, I&46; Wharton 
and Stclma, 1946; Warren et at, 1946; Franks, 1946; Saunders et al, 2946. 

The test is of uiue especially in detection of Wucherma infection before micro™* 1 * 
arc present in the peripheral blood ot when there is a light infection in which the embryof 
may never be found. , 

Preparation of Permanent Mounts of Adult Helminths. Excellent sad stfl ng 
permanent mounts can be made of many helminths, especially the flukes and 
The stains usually employed are carmine or hematoxylin solutions However, rac w 
prefers his own technic and these are so detailed and varied that it is /mpossib e w 
them here. A standard text on microscopic technic should be consulted by 
to make such preparations A very practical and simple method which has gne 
results recently at the Naval Medica2 School it given below. , ,jf 

Glncerocee Method (Yetwin, 1944). This is used for mounting small wo 


groups, larvae, and ova. , , , . fctitos 

technic Fifteen Gm. Bactogclatm (granular, Dtfco) arc diss°J»e , thorough 
water To this are added 50 ml glycerin (reagent. Merck). Aftj* W «ci) 

100 ml. of a 1 per rent chromium and potassium -isllate solution ( b* 

and 1 ml hqmd phenol (U S P ) are added. The medium f s « fr«* 
liquefies when heated The specimens are transferred dttwdy fof jru Jy w 

solutions to the mounting medium and allowed to cool S» 
class use in about 10 liours ^ ..iminattoo ^ 

Examination of Intermediate Hosts foe Helminth £**"* a - i 
rhe more important intermediate hosts is briefly outlined be ow. f bc c , C i dsed 

Smit* (run Usv,«, Tnmraii). cou-fctiox atm mf >“* 

in collecting sttMls in areas where .scfusltsstmuns H Pf" of from CM tact »(* 
from contact with a mail from which cemme are e< P ^ a(tas .here *" 

containing centime, it is advisable w near robber gl ^ , coin c ro«*> f 

disease IS absent ibtsc precautions are mnecewary. /V ^ ^ ;» mass OT) 

he used to separate the snatjs from the mud. Mollusls 
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obtained by shaking small quantities over a pan, screen, or pieces of burlap. Those which 
arc resting on plants may be removed with forceps 

isolation AND iDeNriricATiov of ceucaxiae Snails which are brought in the laboratory 
should be placed in half pint bottles, in lots of about a dozen. A gauze top should be 
placed oxer the jar to pre» enr their escape Each jar should be examined daily for emerged 
cercanae It may be desirable to isolate the snails, once cercariae are demonstrated, in 
order to ascertain the source of cercanal production. Cercanae cm be found by crushing 
the digestive gland located in the spire of the snail The shells are usually quire delicate 
and if care is exercised they may be cracked without injury to the tissues within. The 
puces should be removed and the digcsinc gland exposed, macerated in water, and 
examined microscopically Cercanae obtained in this manner may be immature and unlike 
those escaping naturally; therefore this procedure should be used only if there is not 
sufficient time to await the normal emergence of cercanae Each species of fluke parasitic 
in man has cercanae which may be identified by ihcir structure, insofar a* possible, 
cercanae should be examined in jf,e living state with the help of such sums as neutral 
red or Nile blue sulfate (1 1000). Those of the schistosomes are characterized by (I) the 
j>rcsencc of a forked tail and (2) the absence of a pharynx, not all forked tailed cercariae 
attack man 

iinsmir-ATMN or s vails. The correct identification of snails i* difficult and should be 
referred to an erpert whenever possible The U S National Museum will classify material 
sent to it and return the identification to ibe collector. Living specimens should be 
preserved in 70 per cent alcohol, net <r m formalin, and shipped in stab Large empty 
•hells should be wrapped in paper Collecting data should always be included, geographic 
and eeologrc information are of particular importance. Snails can usually be identified by 
the fores and markings of their shells and by the structure of the radula, a lingual nbbon 
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or filchke set of teeth placed in the buccal cavitv of each mimil Tk* t i n 
built at thousands of tiny teeth of glassliho substance arranged in dose! to” 

different teeth— the lateral or median, the inner marginal, and the outer mime,! 

rautWATIDN or ttanULA ro« aucaostoptc ixamimxttok. The radula is heated mahi, 
strong potassium hydroxide and the flesh needled assay. I, i, then washed 2~ 
stained in tncrcurochtontc, and transferred to 90, then 93 per cent alcohol, thro „ki 
It IS mounted in Canada balsam on a slide. The teeth arc broken apart with tiedfa 
bclorc the slide cover is applied. Enough variation in denticle counts has shown that 
radutac are helpful, but not final in identification. 

Mosquitoes and Otw* Dipterous Insects (tor Larvae of Fiuwial Worms); technic. 
Female mosquitoes or other dipterous insects arc killed by chloroform, cyanide, or other 
method Identical specimens arc identified and preserved or mounted for confirmation. 
The wings and legs arc removed. The abdomen is separated from the head and thorax and 
placed in separate drops of physiological saline on the same or different slides. The ab- 
domen is teased and macerated with fine needles and the material is examined for 

TEETH Oft JlADl/UVE Of SNAILS 
RachldUn Lateral 
ctntnl nrdiaa 



Vr >w ’ s 

Diagram of radulae of snails. 

microfilariae under the low -power objective of a compound microscope. The P foCCSI 
repealed with the head and thorax, search being made for advanced stages of larvae 
forms present should be counted and the age of the worms noted. For permanent reco 
all positive preparations nvay be fixed with Schaudmn's or other fixative and stame 
hematoxylin and cosin - , ujn . 

Food (for Infected Larval Forms op Helminths). The most important tooas ^ 
ing infective stages of helminths arc pork and pork products, beef an « ^ best 
fish, crayfish, and vegetables. All of these foods except vegetables may e exam 
by the methods discussed under autopsy and biopsy technics, i e , teasing ou 
form in normal saline, compression, digestion, or sectioning Pork lS c * ai ”! nC ficjr£US of 
larvae and the cysticercus form of Taenia solium beer is invesugate or y jy, 

Taenia sagmata Fresh-water fish are inspected for the P ,cr ® ccr ^‘/.‘ > h j 1 saltwater 

tapeworm and (he metaeercariac of certain liver and intestinal Hu C5 ’ ( ^ c tn 

fish may tn certain cases carry infective forms of some tiokes, as n g arCas cariy 

be absolved of any relation to helminthic disease in man Crajftsn , 
die metaccrcariae of Parogommus in their gills or muscles o ? arae 0 f fte sheep 
Vegetables may act as the instrument of conveyance ot t e j, avc a co^mo- 

fluke and [he giant Incr fluke in the rather resumed “Hemic uoa 0 f infrctnr »>■ 
pohtan importance, hones er, in helminths transmuted J Tnchrn ^ 

Especially in areas sshere human feces are used as ferula . * ■ j , ca ,mi 

ova contaminate the vegetables. They may be removed by scruimms 
centrifugation or flotation. 



CHAPTER 25 


Medical Entomology 


The first important contribution to the field of Medical Entomology came when 
Patrick Manson in 1878 discovered that Culex quinquejasciatus acted as the in- 
termediate host and vector of Wucheretux bancrojii. Immediately upon the heels 
of this epochal contribution came other reports of various species of insects and 
arachnids that were suspected and subsequently proved to be vectors of many 
important human diseases. Ross in 1897 announced the discovery of malaria zy- 
gotes on the stomach wall of his “dappled-wing" mosquitoes; in 1880 Carlos Finlay 
suggested and propounded the theory that his “tiger” mosquito carried yellow 
fever; and in 1900 on the island of Cuba members of the United States Yellow 
Fever Commission proved beyond a doubt that Acdcs aegypti was the vector of 
the disease under study. In the field of emomologic liieratuie, Nuttall, m 1899, 
compiled available notes on ‘‘the role of insects, arachnids, and myriapods as car- 
riers in the spread of bacterial and parasitic diseases of man and animals.” Since 
that time, many excellent texts have been written on the role of arthiopods as 
vectors of disease; and, today, Medical Entomology ranks with some of the older 
basic sciences in the field of Public Health 
With these notable advances clarifying the role of arthropods as vectors of 
disease, a remarkable change has taken place in the viewpoints of scientists and 
laymen regarding the importance of insects and arachnids to the health of man A 
vital approach to a better understanding of the pertinent aspects of the epi- 
demiology of many diseases is through a comprehensive study of the vectors in- 
volved It follows, thercfoic, that in order to carry out preventive measures ef- 
fectively, a study of the morphology and ccologic habits of the specific vector is 
fundamental. 

Basically, the manner in which insects and their allies affect the health and well- 
being of man may be treated under the following headings' 

1. By Transmitting Agents of Disease. Transmission takes place by mechani- 
cal or biologic means. 

MtcnvNiCAt. Transmission This is accomplished by agents acting as carriers or 
mechanical transporters of pathogenic organisms which undergo neither a develop- 
mental change nor a multiplication within the body of the arthropod The agents 
arc not essential to the life cycle of the parasite. Many nonbiting dies, in particular 
the house flics, gaming access to human food and feces, become important factors 
in the spread of typhoid, cholera, and bacillary and amebic dysentery. 

Biologic Transmission. This is accomplished by agents acting as essential hosts 
and vectors of pathogenic organisms. In biologic transmission, the disease or- 
653 
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ganisms within the body of the arthropod: (1) increase in numbers (plague), (2) 
undergo a developmental change without multiplication (hlariasis), or (j) undergo 
a developmental change with multiplication (malaria). 

2. By Invading Tissues. Many species of arthropods in either the adult or 
larval stage may play an important part in producing pathologic conditions. Thus, 
the larval stages of various diptera cause a disease commonly known as myasu. 
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The chigoe (sand flea) and sarcoptic mite invade the tissues of man to cause dis- 
turbing lesions. The accidental invasion of ears, nose, and eyes by living insects 
may produce serious complications; fortunately this type of invasion is not a com- 
mon occurrence. 

3. By Inoculating Poisonous Substances. Inoculations may be closely related 
to mechanical effects, but in this instance the disturbance of functions of the human 
body is due to the chemical action of toxins produced by the arthropod. Their 
action may be local, systemic, or both. Toxins produced by the bites of certain 
species of ixodid or argasid ticks are known to produce paralytic symptoms in 
some individuals Other arthropods — spiders, scorpions, and bees — may introduce 
venoms which give rise to general or local symptoms, sometimes followed by a 
condition of shock with fatal results. Bacterial infection of the skin frequently 
follows the scratching of mosquito and other insect biles. Allergic reactions may 
be caused by venoms, scales, hairs, or other products of arthropods not generally 
recognized as poisonous. 

4. By Being Pests of Man. Many arthropods by virtue of their very presence 
interfere with man's health without transmuting or causing diseases or producing 
poisons that are noxious to the individual. The copra or coconut beetle of tropical 
areas is extremely annoying since the adults, attracted by lights, enter screened or 
unscreened quarters and crawl over the body and into the hair of the occupant. 
The annoyance and worry produced by the mere presence of insects and spiders 
may cause nervous disorders and sensory hallucinations 

The Phylum Arthropoda 

Classification and Morphology. No other group of the Animal Kingdom ap- 
proaches the arthropods in number of individuals. There are more known species 
m this phylum than in all other phyla combined; the estimated total in insects 
alone is more than a million. As uould be expected, this enormous group exhibits 
great diversity of habit and structure Although the phylum includes forms which 
are very unlike in appearance, the typical arthropod is well defined by: (1) a 
general absence of cilia; (2) a body cavity, the hemocele, which is in free contact 
with the circulatory system, (3) bilateral symmetry; (4) paired, jointed appendages 
arising from the body segments of the adults and of some immature forms; (5) 
the mouth and anus at opposite ends of the body; (6) dorsal circulatory system 
and ventral nervous system, and (?) body covered with a hard chuinous cxoskelc- 
ton. 

Several distinct groups of arthropods can be recognized, and the members of 
these groups will be discussed under the following classes: 

Class Crustacea (crabs, lobsters, crayfish) 

Class Chilopoda (centipedes) 

Class Diplopoda (millipedes) 

Class Arachmda (mues, ticks, spiders) 

Class Insccta (Hexapoda) (flies, bugs, lice, fleas, mosquitoes, etc.) 
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Crabs, Lobsters, CW 1s „, Water Fleas (Class C.lstacla) 
Cyclops and Diaptomus, commonly known as water fleas or 
vo ved in the life cycles of the fish tapeworm, Diphyllobothrium LL 

ZZVIT’ Dn r maa, p Kiiami ‘- l»8» crustaceans — crabs, lot,, 
and crayfish-act as intermediate hosts for the lung fluke, Poragommu, u,u, mxi 

Metaccrcarrae were found by Tubangui (1946) in the uncooked leg muscles rf 
crabs belonging to the genus Poumo* in rf* Philippines. Most of the ssicmUn 
of this class and all medically important forms are aquatic. 



Control measures directed against the crustacean intermediate hosts of thf*f 
parasites are not practical. Prophylaxis consists in safeguarding the water supply ll> 
avoid ingestion of copepods infected with the guinea worm. Shellfish likely v 
harbor the infective stage of the lung fluke must be thoroughly cooked bd^e 
being eaten. 


CtNTiPEDts (Class Ciiilopodi) 

Bites from the small centipedes found in temperate climates rarely £*' c 
more than local symptoms. The large species encountered in the Tropic* 
painful bites which may result in disability for several days. Individuals ate u 
bitten while sleeping or when putting on shoes or clothing in which ihe ccntij ^ 
has hidden. The various species usually live in moist, protected places an 
largely nocturnal in habit. During the day they may be found 
bark of dead trees or under logs, boards, stones, leaves, and ot cr c 
ground. In handling such material, there is some chance of graspin* 3 
accidentally, in which case it will bite in sclf-dcfcnsc. . .. jm 

The centipedes arc elongated, flattened arthropods with one pan « > h ^ 
from each segment of the body; they have one pair of antennae, » 
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Poison glands are located at the base of the first pair of legs, modified to iuncuon 
as mouth parts. 

Control measures, other than caution, are usually not necessary. 

Millipedes (Class Djplopoda) 

The mdbpedes are rnoSensi\e and harmless except m the rare case when they 
act as intermediate host for the rat tapeworm, Hymcnolcpis dimmuta. A large 
species common in the Fiji Islands is known to spray a fluid from special glands 
in the body which may produce a dermatitis upon contact with skin or mucous 
membranes. Millipedes have two pairs of legs arising from each apparent body 
segment except the first tour The body is typically round in cross section These 
myriapods live in a moist environment, feeding primarily on decaying vegetable 
matter 

Bunt (1947) emphasizes the injurious effects of the secretions of millipedes 
and classifies them into two categories: (1) caustic action on the skin as a result 
of immediate contact with the millipede, and (2) injury to sight as a result of 
squirting fluid from the repuguatorial foramina. 

Ticks, Mms, Spiders (Class Arachnids) 

Since ticks and mites are involved m the transmission or cause of several im- 
portant human diseases, members of this rlass will be discussed separately Jn 
Chapter 26- 

Insects (Class Insecta — Hexapods) 

This class includes the great majority of arthropod species of medical impor- 
tance and will be taken up n» detail in Chapter 27 



CHAPTER 26 


Scorpions, Spiders, Ticks, Mites (Class Arachnida) 


The arachnids constitute one of the two important classes of the phylum At- 
thropoda. They arc cosmopolitan in distribution and many forms are known 
transmitters of various diseases of man and animals in addition to being serious 
human parasites. A member of this class, Bodphilus annulatus, was the first arthro- 
pod shown to be a vector of a protozoan disease, for Smith and Kilbornc proved 
in 1889 that Texas cattle fever was transmitted from animal to animal by this tick, 
the pathogenic organism passing in an hereditary manner from adult through the 
egg to the next generation. The ticks and their close relatives, the mites, hate 
since been incriminated in the transmission of various human diseases. 

Typical forms of arachnids arc air-breathers. The head and thorax arc fused to 
form a ccphalothorax. Wings and true antennae arc lacking. The adults and 
nymphs have four pairs of walking legs; the larvae, only three. 

The class Arachnida is divided into many orders, only three of which are of 
primary importance: 

Order Scorpionida (true scorpions) 

Order Arancida (spiders) 

Order Acarina (ticks and mites) 


True Scorpions (Order Scorpionida) 

Scorpions have formidable claws or pcdipalps with which they seize their pi*)' 
The last abdominal segment terminates in a ventrally curved spine and carries t e 
poison gland, the sting curving downward when the tail-like post-abdomen is 
tended. When the animal is disturbed or poised for an attack this st ™ ctU f e a 
flexed upward and forward. The victim is struck quickly and repeats y 
downward movement of the spine. Although scorpions transmit no '^ ase ^ 
larger forms are to be avoided. The importance of scorpion - ^ 

emphasized recently by Sergent (1938) in North Africa, Baser (I )J r, 
Faust (1940) in northern Mexico, and Shulov (1942) in Palestine. . c ^ 
Waterman (1938) emphasized the importance of poisoning by * c0 ^‘^ tion -pie 
dad, where, however, only the severe cases came under me tea o s 
effects of the sting of small species found in southern Unite tates 3 ^ 

are probably never fatal, although they may be quite P 3in 3 aceous in habit 
symptoms of poisoning. Like the centipedes, scorpions are P climates 

and may be considered beneficial as a group. The scorpions ° Qf m0f(f . They 
are usually small, but those of the Tropics attain lengt s o 1 coconut and 

arc usually found under stones, leaves, and bark and in e 
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pCW COMPOSED Cf 
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SEGMENTED ABDOMEN 
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Scorpionido 

(Scorpions) 



Aroneido 

(Spiders) 




Key characters ioc identifjm^ orders of arachnids of medical importance. 

banana trees. During rainy seasons the smaller species commonly enter houses to 
bide m shoes, clothing, towels, or beds. General extermination is impractical. 

Certain arachnids superficially resembling true scorpions are particularly com- 
mon in Florida, Texas, and California, being known by such common names as 
whip scorpion, vinegaroon, or mule killer. They are often regarded as being 
poisonous, although they have no stinging apparatus such as is found in the true 
scorpions. They may bate, but the effect js no more than that of a slight pin-prick. 
The distinguishing characteristic is the slender, whiphkc appendage on the last 
abdominal segment. 

Spiders (Order Aranetda) 

Spiders ate universally feared although many are harmless, their bite producing 
a slight stinging sensation with perhaps some local redness The bite of only a 
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few species is dangerous to man. In the United States, the "hUct-witlo® V 

m abouMOQ^ascs^svith^rccord DTscvcrai r dcathr^The°paiti 1 ^ t0 T' 0 ^^ ISOn ^ 

poison may he eserueiating, the victim ^ ”et 

venom, hire that of the cobra, appears to be a tosalbumin and its mou dams™ 
action is on nerve endings. 



Latiodectus mac tans, female (black widow). Ventral sur- 
face showing orange-red hour-glass spot (Original ) Approxi- 
mately actual size 


Spiders can be recognized by their distinct cephalothorax bearing two ^ 
cerae and two six-segmented, leglike pedipalps. The abdomen is roundc , so 
unsegmented and is connected to the cephalothorax by means of a uarr mV 
The legs consist of seven segments, the tarsi bear two or three daws. c 
pedipalps of the male serve to transfer the spermatozoa to the fenuc irt ^ ^ 
of mating. Three or four spinnerets for the production of spiders 
cated near the tip of the abdomen on the ventral side. “black 

There are more than 30 families of spiders m the order ^ r * nE ’ £ efna j fS are 
widows” belong to the genus Latrodectus (family Then it ae/. ^ g^for 
coal-black with a characteristic orange-red spot on the un ersi e s ;de of 
abdomen. There may also be some red or yellow mar ‘ings on 
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the abdomen, {umtubily m the male, Heim* gives an excellent description o£ 
this spider in his lex*, Statical Entomology. The term "tarantula" is loosely ap- 
plied to any targe spider hoi is related specifically jo members of the lupcrfamily 
Artcularoldca including the tatgc hairy trap-door iptdctt m southern United 
States (family Ljcuiidac), the bite* «f which came no great ducornfort. 

Ry sprass are ttot ctfccuvc against black-widow spider*. Ten per cent solution of 
DDT in kerosene applies) to the webs was demonstrated by Van Riper (1946) 
to he Uthal to the spiders, the ctTcct of the ipru>ing lasting for several days 
Creosote acts as a satisfactory repeffem and it may be sprayed under seal* of privies 
and into corners <>t lavements with good ctfcci. Lgg sues may lie brushed down 
and crushed or burned. 

Ticks and Mites (Order A ctrina) 

The tick* and miles arc well known (or their ability to transmit several impor 
lam diseases such a» Kocky .'‘fountain spotted fever, relapsing lever, and scrub 



typhus; they may also he scmiparasiiic on man and animals without carrying 
disease organisms. The majority of the acands are round or oval forms with head, 
thorax, and abdomen fused to form a sachkc unscgmrnrcd body. Members of the 
order undergo a marked metamorphosis m that the adults and nymphs posses* 
four pairs of walking legs while the larvae have only three. Wing* and antennae 
arc absent, and cj cs may or may not be present. 

The nuict are usually small, many being microscopic. The body is membranous 
in appearance and often clothed with long hairs, the hypos tome is hidden and 
unarmed, the palpi never have more than five segments, the last segment being 
provided with sensory hairs The ti(f^s arc larger forms and are mostly macroscopic. 
The body is selcrotized or leathery in appearance and hairs, if present, are short. 
The hypostome is exposed and armed with strong cutting teeth; the palpi are 
four-jointed. 

The important groups of the Acarina will be discussed subsequently in greater 
detail ' 
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The mites septet a Urge proportion of (he order Acarina end one m,m 
be aware of the large number of species occurring within this group kcst« rf 
their microscopic size. Many are /ree-living anti a number of them my be ,cw 
dental parasites of man. The life histories of mites show much variation; typrall, 
there are four stages: egg, larva, nymph, and adult. Some mites arc known to be 
viviparous and others, ovoviviparous; members of the genus Pediculotdes bring 
forth adult males and females. There arc six families of mites that contain spew 
of medical importance: 


Family Trombiculidae (chiggers) 

Family Sarcoptidac (Itch mites) 

Family Demodccidac (hair-folliclemites) 
Family Tarsonemidac (louse mites) 
Family Parasitidae (tropical rat mites) 
Family Tyroglyphidac (cheese mites) 


Chiggers, Fed bugs (Family Trombiculidae). A [orm ot typhus k\ct, row 
monly known as tsutsugamushi fever, mite or scrub typhus, is transmitted by the 
larval forms of species of the genus Trombicula. Only nvo species of chiggers 
known to carry the disease: Trombicula deliensis and T. a\amushi. Tromitcuk 
walchi, thought to be the vector in New Guinea, is probably only a local lanant 
of T. deliensis (Wharton and Johnson, 1 946). Trombicula a{amushi is the impor- 
tant vector in Japan and Formosa. Chiggers are well known as causing a severe 
dermatitis (chigger or redbug dermatitis) due to a specific poison secreted by the 
mites at the time of feeding. Inflammation in the form of red blotches may not 
noticed until 12 to 24 hours after initial attachment of the parasites; after a day or 
so these blotches become blisters and scab over. Secondary infection duej® 
scratching may give rise to a variety of conditions, and Toomey (1921) reports t a 
persons going barefooted in chigger areas in the Ozark Mountains have ost ^ 
as the result of secondary infection from chigger attacks over the joints, 
Treasury Islands (upper ^^mnnr) prrrv reported that 45 percent o trea ^ 


at one base dispensary v " 
by scratching the site of . 

areas may suffer severely for a season or two, but are said to a PP“ r J°^ ^ e[ 
a tolerance or perhaps an immunity to bites. These mites do not ur^ 
the skin but 3 ttach themselves singly on man, inside the rim o t * • ^ 

They are detached by scratching or by the rubbing of clothing ag $oU[hcf „ 
Euti ombicula alfreddugesi is the mite responsible for sent itc 
part of the United States. ..y disease and 

Wharton (19-16) adequately discusses the vectors of tsutsug the 

as a result of extensive field sutveys in the PacficdceaQ^^ ^ ^ 
rickettsia has been recovered only from mites of t e tsu . c not been fo"”* 1 
in areas where' the disease does not occur mites of t is gro P 
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where trombiculid faunas were demonstrated and tv ell known, tsutsugamushi 
disease was prevalent. 

Biolocv and Morphology, Chiggers are known to parasitize all groups of land 
vertebrates— amphibians, reptiles, birds, and mammals. The larvae are small, about 
03 mm. long, roughly egg-shaped, and bright red to cream m color. Upon reple- 
tion they drop (o the ground where they pass into a quiescent state before trans- 
forming into nymphs. These arc usually hourglass-shaped, have four pairs of legs, 
and arc densely covered with hairs. The larvae and nymphs are sensitive to ex- 
treme dryness and are usually found in the upper layers of moist, well-drained 
soil. The adults of only a few species have been identified Their {bod habits are 
largely unknown, but they probably feed on feces and body fluids of other arthro- 
pods or on decaying vegetation. The adults and nymphs of Neoschongastta indtea 
feed icadtly on mosquito and other insect eggs when confined to the laboratory. 
The eggs of trombicuhds are apparently laid in clusters in the sod or other habitat 
favored by the adult The chigger is the only parasitic stage in the life cycle of 
the mite, and dissemination is accomplished as a result of the movements of hosts 
to which they are attached. Colonics of chiggers will appear as reddish patches. 
On mammals, the chiggers will be found most frequently on and in the ears, 
about the groins, axillae, and mammae. Birds arc parasitized on the legs and about 
the ears and eyes. On reptiles, chiggers are found between and under the scales. 

Control. Clearing, oiling, and burning areas arc good preventive measures used 
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to destroy the existing populations of rats and chiggers and eliminate the habitat 
favorable for reinvasion of the area. Methods of control are directed at preientmg 
chiggers from biting man; this is accomplished by (1) avoidance of rtsfeense 
areas- (2) use of miticides on the skin and clothing— sulfur, dimethyl phttuta, 
dibutyl phthalate, and benzyl benzoate; (3) destruction of chiggers and lira w- 
mal hosts; and (4) elimination of habitats suitable for chiggers and their tom. 
DDT because of its slow action, should be used against chiggers only as an area 
decontaminant. Five to 10 pounds of a 10 per eent dust per acre are requited, to 
should be exterminated by large-scale and persistent trapping procedures. 

Itch Mites, Scab Mites (Family Sarcoptidae). Members of one genus ( 
copies) frequently infest tnan, producing a skin direase called see «'• h 
varieties 2 not host specific, and occasional,, 

and children who fondle dogs and cats become rnfested with spec 

parasitic on these animals. .... 1-,-X;:, 

Biology nun Mowhocoov. The human itch ®> e f ' nt 400 X 3% * 

Thud and fourth pairs of legs in the female have bristles; the fourth pan >“ ' 

male has suckers. . , t„ rmws into the skin. 

The female becomes nratute in about two weeks and burrows ® 

especially between the fingers, on the ~ " 


out two weeks and duii®w» >> 

especially between the fingers on thewmts, and 
the body of infants may he affected. The tun P accumulation d 

2 to ,2 mm. long and tend to zigzag; *ey are ^ * 



S a minute r-r 

on, ranee to the burrow. A vena - 
tion marks the location of 


don marks the location dbe . 

,be blind end of the tunnel;^' 

hind her are feces, eggs, and . 

eggs being next to . he «*££,,, 
more mature young « “ fct, 

^e galley A d.a^ «nb^ 

demonstrating either egg rf 

Infection results ta < £ J plt , 
male and female mite ^ , 

noted female trom hA hls d<w»“ 
healthy individual. fm» 

, straied that «*«■«> *' ,U 

parasites madding, towels, or odra /"ftiht' Swing 0* «“ oi “ 
Chandler (iW reports an epidemic of 

wrestling ma\in a gymnasium. jo ll M UsM> , he 

Hair-follicle Mite M "Sunward in the +**£,,*» 
form acarid about 400»s long. 1,V ‘"S n0 lU effects * m3 ”' „ mans' 

nose and foreheid. Thrs mite J" IcbB d species causes a 

may persist unttfithc parasite is exp 
in dogs. \ 


of female Sarcoptes scahiei 



665 


SCORPIONS, SPIDERS, TICKS, MITES (CLASS ABACHNIDA) 

Louse Mite, Grain Itch Mite (Family Tarsonemidae). Pedietdoides ventri- 
eosus is the well-known representative of this family. The parasites live on various 
insect larvae found in cereals, straw, and cotton and are most troublesome to 
laborers in the central grain-growing states. Man may develop a violent dermatitis 
from handling grain, beans, or cotton, or by sleeping on infested bedding material 
The eruption with wheals, papules, and vesicles may cover the entire body and 
will appear within a day after exposure Marked itching, burning, and sometimes 
fever accompany the dermatitis. 

Chicken Mite, Tropical Rat Mite (Family Parasitidae). The chicken mite, 
Dermanyssus gallinae, infests poultry and chicken houses, Poultrymen may be 
troubled with a type of dermatitis similar to scabies, resulting from the bites of 
these parasites. The tropical rat mite, Ltponyssus bacoti, readily attacks man, and 
it has been incriminated as a vector of endemic typhus in southern United States 
This species also produces a dermatitis 

Cheese Mite, Copra Itch-mite (Family Tyroglyphidae). Mites of this family 
live on cheese, flour, and dried fruits and have been associated with human in- 
testinal disturbances. Species of Tytoglyphus have been held responsible for 
"vanillism” m those who work with vanilla pods and for “copra itch” among 
copra workers. In many parts of the world the dermatitis consisting of an itching 
urticaria is known as “grocer’s” or "baker's” itch The mites of a species of Glyct - 
phagus arc frequently found in sugar and are the cause of this “grocer’s” itch, 
Rhteoglyphus parasiticus is reported to be the cause of an ttchlikc infection of the 
feet of coolies on tea plantations. 


Ticks 

Ticks transmit a wide variety of pathogenic organisms including spirochetes, 
viruses, nckcttsiae, bacteria, and toxins of unknown nature 
Classification and Morphology. Ticks differ from other acands in havtng a 
median probe-shaped puncturing organ, the hypostome , which is beset with 
numerous teeth projecting backward, and in possessing stigma! plates in the body. 
The microscopic structure of the stigmal plates has been shown by Stiles to be of 
great value in differentiating the various species, particularly of the genus Der- 
macentor. The stigmal orifice, the opening of the tracheal system, is ia the center 
of the plate The f3lsc head, capitulum or rostrum, bears the hypostome, a pair 
of chmnous structures, the cheltcerae, and a pair of segmented pedipalps. The 
gcnttal opening in the adult is near the anterior part of the ventral surface; the 
anus is centrally located near the posterior third The legs ha\e six segments, the 
coxa being flattened on the surface of the body. The terminal tarsus ends with a 
pair of books and, at times, with a pulvillus. The nymph has stigmal plates but 
no genital aperture. 

The ticks arc divided into two families, the lxodidae (hard ticks) and the Ar- 
gasidae (soft ticks) They may be separated on the basis of seicral prominent ex- 
ternal structures, particularly the shape and location of the capitulum and the 
presence or absence of a scutum. In the lxodidae it is a smooth, hard, shieldlikc 





IXOOIDAE ARGASIDAE* - • _ 

Family differentiate ticks. 


structure on the dorsal surface of the body. It covers almost the entire back of the 
male but only a small anterior portion of the female; thus the name “Hard tick 
This shield is lacking in the Argasidae; the apparently soft-textured body exhibit! 
little protection, and the name “soft tick" is given to members of the group. The 
capitulum of the hard tick extends beyond the margin of the body and can 
viewed dorsally; in the soft tick, it is ventral and generally does not extend bejon 
the anterior margin of the body. The stigmal plates are located posterior to C3C 
hind leg in the Ixodidae and between the third and fourth pairs of legs in t 


Argasidae. , 

Hard Ticks (Family Ixodidae). This family consists of about 10 genera, our ^ 
which are of special importance to man because of their disease reation 
Amblyomma, Dermaccntor, Hacmaphysahs, and Ixodes contain species t at ^ 
as reservoirs of infection or as vectors of diseases of man and animals, erm 
andersoni, the western wood tick, is the most important North Amcricanfp^ 
for it is known to transmit Rocky Mountain spotted fever, tularemia, an ^ 


ror it is Known 10 transmit icocKy iviouiuaui ’ spe cies 

tick fever in the western states and is a suspected vector of Q c '^ r * j fCf . 
also causes tick paralysis, an acute intoxication usually cause y t e ^ 

tain ixodids. If the tick or ticks are discovered and removed promp * 
occurs in a few days; otherwise, death may follow from P ara y sis 


torysystem. , 

Amblyomma cajennense is a vectof of Sa° ( razI ' . e> . 

vector of Rocky Mountain spotted fe\cf. I* 15 a common s P ccies 


and a potential 
Texas, M0“* 
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and Central and South America. Amblyomma hebraeum transmits the rickettsia of 
South African tick-bitc fever; A. americanum, the lone-star tick, is known to 
transmit tularemia and Rocky Mountain spotted fever. Recently, nymphs were re- 
ported naturally infected with the rickettsiae of American Q (ever. Bishopp (194-1) 
reports that this species probably plays a greater role tn disease transmission than 
Is generally recognized and should be looked upon with suspicion uhere\er en- 
countered. Several other species of the genus arc potential sectors of Australian Q 
fever and Rocky Mountain spotted fever. 

Species of Haemaphysaltr rarely bite man; however, members of this genus 
serve as important vcctots of Rocky Mountain spotted fever and tularemia among 



rabbits which, in turn, are hosts of ihc larvae of Dermacentor under som and D 
tariubilit known to attack man readily when these ticks become adults llactna- 
pftysaUs humerosu is believed to be a vector of Australian Q fever 

Ixodes species bite man freely, and several arc known to cause tick paralysis. 
Jxodet persulcutut is a vector and reservoir of forest-spnng encephalitis m the 
wooded areal of the Ural and Siberian regions. 

Several species of ticks have been shown to harbor the virus of yellow fever 
from 4 to 23 days, although there is no evidence as yet of natural transmission. 

Biology and Classuication. The life history of bard ucks varies greatly de- 
pending upon the species. That of Dermacentor andenom may he taken as repre- 
sentative of the group. Upon reaching a suitable host, the adults engorge, mate, 
and then drop to ihc ground. Males generally die at once; the females die after 
depositing their eggs m some protected place away from the host From 200 to 
SOW egg* are usually deposited in the course of a month; occasionally up to 20,000 
m certain of the Ixodidac. After a period of development — a month or more— the 
small, six legged larvae ("seed tick*") emerge. These larvae crawl up a blade of 
grass anJ wan until they can attach its some passing animal; they engorge and 
shop to the ground within a few days. After undergoing further development for 
several weeks, moiling occur* and eight legged nymphs appear; the) m (urn 



668 


PARASITOLOGY 


Ixoits 


climb up a Wade of grass or a twig and await another paring a „ im ] (lht imJ 
host) If fortunate in reaching one, they engorge, drop to the ground, molt* 
several weeks development, and become mature adults. 

The length of the life cycle varies greatly with the species and with »„d,„ 
conditions. Dermacentor andmoni requires two years, passing the first turner u 
an unfed nymph and the second winter as an unfed adult. Othrr species may irn- 
plete the cycle in a single season; winter may be passed in the egg stage. The tr 
traordinary capacity of the ticks to survive starvation compensates in part for the 
uncertainty of and frequent delay in reaching a new host. Larvae have sunned 
seven to eight months and adults three to five years without food. Most hard tich 
have either two or three hosts during their development; one or two species line 
a single host. Larvae and nymphs engorge on numerous species of small aniraali, 
adults commonly feed on large animals and readily attach to man. 

K zv to Genera of Some Medically Important Hard Ticks 
(Modified from Root and Huff) 

1. Anal groove running jn front of anus; pedipalps usually spatulate in 
form, second segment longer than broad; male with numerous 
central plates 

Anal groove either running behind anus or so indistinct that it cannot be 
seen clearly 

2 Mouth parts nearly as long as basis capituli, second segment of pedipalps not 
much longer than wide 

Mouth parts longer than basis capitu/i; second segment of pedipalps longer than 
wide 

3. Anal groove plainly visible; festoons usually present 
Anal groove absent or indistinct; festoons absent 
4 Second segment of pedipalps with a well-marked lateral projection, 
eyes absent 

Second segment of pedipalps not laterally produced; eyes present 

5. Basis capitufi quadrilateral in dorsal view; scutum usually ornate; 

male without ventral plates; fourth coxa of male larger than ihe 
others 

Basis capituli hexagonal in dorsal view; scutum usually not ornate 

6. Male without adanal plates and with fourth coxa larger than the others 
Male with adanal plates and with fourth coxa nor much larger than 

the others ‘ . 

7. Male with forked preanal plate; joints of fourth pair of legs grea y 

swollen , , • t 

Male with paired adanal and accessory plates, joints of fotixui pai 
• legs normal 

8. Eyes absent, males without anal plates 
Eyes present 

9. Eyes submarginal; males with adanal plates 

Eyes marginal, males without adanal plates ^ ^ ^ w jj e 

Control. The control of ticks with generalized host ^ Z!n g have been 

distribution is a difficult matter. Dipping cattle an ^ cUt ting £ rlsS 

successful in localized areas. Clearing and burning una«o . f£ j uf t 

close to the ground, especially near habitations, camps, «i 
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doros occur in the United States; O . the "pajaroella” of the souths 

United States and Mexico, is regarded by Herms as one of .the most venomous of 
ticks; it produces a small wound which does not heal for several days. Omithodom 
talaje is the important vector of relapsing fever in Mexico and Panama; 0. ttfiriu 
in Texas, Kansas, and New Mexico; and 0. hermsi in California, Colorado, Wash 
ingtort, Idaho, and Nevada. Our knowledge of the latter’s distribution isfragmtn 
tary, but Herms reports it as common in the Sierra Nevada and San Bernardino 
mountain ranges at elevations of 5000 to 8000 feet. It appears to be typically a 
parasite of rodents but feeds freely on a variety of animals as well as on mia 
Transmission of relapsing fever in the United States takes place by the bite of the 
male and female ticks in any stage of development, and not by means of the coxal 
fluid as with O. moubata in Africa. 

Biology and Classification. The habits and life histories of the Argasidae aje 
strikingly different from those of the Ixodidae. The "soft” ticks are intermittent 
feeders, being comparable in this habit to the bedbug. They feed primarily at night 
and do not tend to remain on their host. These ticks live and breed in the nest or 
lairs of the hosts to which they have relatively ready access. Both nymphs and 
adults arc rapid feeders and arc capable of withstanding long periods of sana- 
tion. The female argasid, in contrast to the ixodid, deposits comparatively h' v 
eggs (100 to 200) in each of several batches. 

Pavlovskn and Skruinnik (1945) demonstrated that Ornithodoros tholomi 
could transmit the spirochetes of relapsing fever, with which they were naturally 
infected, after a period of 10 years. Previous investigations have shown that this 
species can live up to 25 years and is capable of withstanding starvation for pen » 
up to 7% years. These facts alone, coupled with the ability of these various T* 0 ” 
to feet^ on a wide variety of hosts, and their tendency to remain in a restrict* 
area, ciisure the maintenance in nature of endemic foci of relapsing fever. ^ 
Cooley Has recently erected four genera in this family: Argas, Otobm. nlrU 
and Ornithodoros 

\ Key to Genera of Argasidae 

1 Adults abd nymphs with a definite sutural line separating the dorsal and 

ventral! surfaces, body flattened, oval or rounded with a distinct ^ s! 

flattened margin 1 

Adult an cfi nymph without above characters 

2 Hvpostome^vestigial in adults, well developed in nymphs; body in gum Qtofriut 

of nymphsVovered with spines . tuberculated 

Hypostome neSjer vestigial in adults or nymphs; body mtegumen 3 

but lacking dfctinct spines . dntmd* 

3. Hypostome broaAat the base and scooplike (parasites o a > ^ 

Hypostome variousWormed but never scooplike (paras t Qmithodotot 

other animals) \ be 

Control. Caves shouhkbe avoided as sleeping qu " t " S ' ™ pjoors should be 
rodent-proofed in areas wWre tick-borne relapsing e floDf an( j 3 way fo* 

cleanly swept and hammocks, cots, and beds raise . d 3S {at as pom 1 ’ 1 

the walls. Old camp sites and ^sting places show! 
while traveling. 
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The Insects 


The class Jnsecta (Hcxapoda) is the largest and most important group m the 
phylum Arthropod* and probably represent* thix dominant form of animal life 
upon the face of the earth The insects comprise about 70 per cent of the known 
species of animals, over 600,000 having already been described. 

As might be inferred from their enormous representation among living things, 
insects arc probably more beneficial and, at the same time, are more injurious to 
man than any other group of animals. From a medical standpoint, their primary 
importance is due to the fact that they ate either directly injurious to man or ate 
the vectors of some of the most dangerous pathogenic organ isms. 

Classification and Morphology Most adult insects may be readily distinguished 
from other arthropods by the separation of the body into three distinct regions — 
head, thorax, and abdomen. The head bean eyes, mouth parts, and a pair of an- 
tennae One pair of legs is found on each of the three segments of the thorax. 
Wings, when present, occur on the second (meso) and third (meta) thoracic seg- 
ments, when there is but a single pair they arc attached to the mesothorax The 
abdomen is made up of a series of segments, varying in number and bearing no 
appendages except the rerrmnaha, each abdominal segment consists of a dorsal 
plate (tergitc) and a ventral plate ^stermte) connected by membranes to permit 
expansion and contraction of the body. Most insects undergo marked changes m 
form during the course of their development from egg to adult, a feature of major 
importance when control measures arc considered Two types of metamorphosis 
arc recognized; these depend upon the degree of change which takes place during 
growth to maturity. Lice are common examples of insects with an tneompletc 
metamorphosis, here immature stages resemble the adults scry closely except for 
size The bedbug and cockroach have an incomplete metamorphosis hut the 
young, or nymphs, exhibit a greater change in growth of the body, development of 
wmgs, and genital appendages Control measures do not vary greatly for the dif- 
ferent stages of such insects, smcc the environment, anatomy, and food habits of 
both young and adult are very much alike. 

Other insects, such as (lies, fleas, and mosquitoes, undergo a compieii change 
in appearance, and usually a different ccologic habitat ts evident in their develop 
mtnt from egg to adult. In many of these insects the mouth parts of the immature 
and adult forms are of totally different types, involving entirely distinct feeding 
habits; thus, control measures will differ greatly, depending upon the stage to be 
destroyed. 
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Species from nine orders are known to affect the health of 
lesser degree, and these orders will be discussed in detail; 


man to a greater or 


Order Orihoptera (cockroaches) 
Order Coleoptera (beetles) 
Order Lepidoptera (butterflies) 
Order Hymenoptera (bees, ants) 
Order Ephemeroptera (mayflies) 
Order Hemiptera (true bugs) 
Order Anoplura (lice) 

Order -Siphonaptera (fleas) 

Order Diptera (flies) 


Cockroaches (Order Orthoptera) 

Cockroaches are omnivorous and have been under suspicion for many j cars is 
mechanical carriers of certain human diseases. They have filthy habits, feeding on 
human excreta as well as on nearly all the foods consumed by man. The causative 
organisms of tuberculosis, leprosy, amebiasis, bacillary dysentery, and cholera have 
been found to pass unharmed through their intestinal tracts. Contamination of 
food may be accomplished either by contact or by fecal deposits. The cockroach 
may also serve as intermediate host of certain rare parasitic worms. 

Biology and Morphology. Cockroaches are characterized by having a disclile 
pronotum, a flattened body, long filamentous antennae, and strong legs adapted for 
running. The adults usually have two pairs of wings, the outer pair appearing 
leathery The eggs are assembled within the body of the female and are enclosed 
in a hard capsule known as an ootheca. This structure is carried partly extruding 
from the abdomen of the female. After several weeks it is deposited in some dai 
corner or crevice. On hatching, the young are small, white, and very soft, e 
metamorphosis is incomplete, for the young resemble the adults except for slIf > 
presence of wings, and development of sexual organs. Cockroaches are nocturn 
in habit and conceal themselves for protection from light and natural enemies. ^ 
At least five species have become domesticated and are generally distri ute 
common household pests. 


Key to Some Common Adult Cockroaches j 

1. Fore pair of wings well-developed, extending to or beyond the tip of ab 
Fore pair of wings represented by small oval pads m the female, 

extending one-half the length of the abdomen in the ma e. pfat/j onf» t ^ a 
color bbek or brown (oriental cockroach) l 

2. Body about 12 mm in length * 

Body 25 mm. or more in length 

3. Pronotum with two dark, longitudinal stripes; wings straw p}j//e!f j 

colored (Croton bug, German cockroach, water bugl 
Pronotum without longitudinal dark stripes, wings mar e vw i ^ ik*" 

two light-yellow cross bands (tropica! cockroach; 






674 


PARASITOLOGY 


4. Wings uniformly reddish-brown, with a heavy yellow line on 

the outer edge of the basal half (Australian cockroach) Pcnphncta austrslam 
Wings uniformly reddish-brown, without such markings 

(American cockroach) • • f'nphnM mmm. 

Control. Thorough cleanliness and protection of food supplies ate impartial 
measures m roach control. In loosely constructed buildings where a ttnld dinutt 
prevails, rcinfestation is common and control must be periodic. Saimm famli, 
although poisonous to man, is the best-known roach remedy. It s on E 
thoroughly dusted or blown into hiding places where roaches run most fiequeatlj. 
This agent acts as a stomach poison, being ingested when the insect c cans its g 
Id antennae. Appl. cation shou.d be repeated at intervals of 
until the roaches dtsappear. Borax powder and phosphorous pastes may 
used, although they are no, so .fane as sodmm fluondc. ^ 

Kitchens ami dining rooms may be treated with DD • P d or 

the 5 per cent solution m kerosene, or the 10 F' « nt " Jj,,. p J,hrra 
dusted into the runways and likely hiding places of yo g ^ ^ cocklMc hu: 
sprayed about the room acts pr.martly as a 1 cn «Uoi; 

after its use the tnsects should be swept up and destroyed before y 

for recovery. 

Beetles (Order Coleoptera) CHai , 

Beetles feeding on fecal material may sene as MomW"*" 
helminth parasites of man and animals Con) ^ , , tfII famu. 

montltjormts, Macron, hork,«ch„‘ Wr»«r . diffusely 

The blister beetles (family Melotdac), carry trough simple 

throughout the body which may blister the .km of «■ c ® , b3[ idm, a krf 
n.thle living msec, or from touching species h- 

irritant occasionally used ,n medicine, s fc(1MI on the legs « 

and Wanamakcr (1946) repotted severe - S1M „ tommon species- 

necks nf soldiers produced as a result of comet and 

I genus Hpicnum. Cant,, anas, ; o ease of ^ » 

hatching in the alkaline portion of the gut. 

Butterflies, Moths (Order M°P j ^ mth pais""' 

eland cells located a, the,, bases. The 1, ^^t,,,, upon contact. Bans ^ ^ ^ 
« . —4../.^. ->n extenst 


sWn^d produce an catena, ve 
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duce an irritative dermatitis. Megalopyge operations, popularly known as the puss 
caterpillar, is a common species occurring in southern United States. 

Bees, Ants (Order Hymenoptera) 

The venom of hees is injected through the sting located at the end of the ab- 
domen. If the stinging apparatus has been left m the wound it should he removed 
to prevent the discharge of additional venom from the poison sac As a rule, the 
effects of a sting are entirely local, but general symptoms — fc\er, dizziness, dyspnea, 
and urticarial lesions — have been reported. The introduction of venom into the 
conjunctiva may give rise to more serious reactions, the tissues becoming greatly 
inflamed and edematous. 

It has been recently suggested that bees are not uncommonly associated with 
allergic reactions tn persons sensitive to pollen or other substances which bees 
may bring into close proximity with human beings. The term “bee allergy" has 
been applied to this condition. 

Certain species of wasps have been reported to act 3S mechanical carriers of the 
eggs of Ascans. Ancylostoma, and Tnehurtt through the agency of their wings, 
legs, and body. 

The bites and stings of ants are of little significance in temperate regions, but 
the large, formidable species in the Tropics may not only cause local irritation but 
may produce general symptoms of nervous system involvement The targe ants of 
Central America and northern South America, particularly the “tucandeira” 
(Paraponera clavata), are especially feared by the natives because of very painful 
lesions which follow their stings. In parts of India and Africa, tropical foraging 
ants of the genus Monomonum produce lesions by the bites of their mandibles. 

Mayflies, Lakeflics (Order Ephemeropcera) 

Members of this order are of medical interest in certain areas of the United 
States because of the allergic conditions which they produce. Along the shores of 
Lake Erie a common species of Hexagenia occurs in midsummer tn such numbers 
char ihc cast s ferns are to be found everywhere. Persons breathing fragments of 
these skins may become highly sensitized and suffej- severe asthmatic paroxysms. 

True Bugs (Order Hemiptera) 

The members of this order are characterized by the prommenr beak, or pro- 
boscis, bent back under the head and thorax when in repose It appears as a single 
fleshy tube arising from the tower front portion of the head. The adult bugs possess 
two pairs of wings, these are rudimentary m some genera Metamorphosis is in- 
complete. The majority of species feed on a wide variety of plants and many are 
adapted for aquatic life Only a few of the bugs are blood-suckers, and these occur 
in two families. 


Family Cimicidae (bedbugs) 

Family Reduviidae (concnose bugs) 
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Head and proboscis of a bloodsucking hemipteron Note undulating 
organ on the prosternum, characteristic of the Reduvudae 


Biology and Morphology. Members of this family have a flattened body, are 
usually mahogany in color, and possess a four-segmented proboscis (three appar- 
ent). The antennae arc four-jointed. Wings are rudimentary and appear only as 
mere pads on the body. The adult is about 5 mm. long and 3 mm broad and is 
especially adapted by its flattened body for entering cracks and crevices to hide 
during the day. The rather broad head is set deeply into the prothorax between 
the large lobes formed by the pronotum. The female depo'sits about 50 eggs at * 
time and in about 10 days the young emerge. Four generations may develop u> a 
year; the average period of life is probably three to six months. Cimcx \eciu anas 
is the cosmopolitan bedbug; C. hemiptetus is the common species found in t e 
Tropics, especially in Asia. . 

Control. DDT is the most desirable of all available insecticides for the contro 
of bedbugs. A 5 per cent kerosene spray, or the 10 per cent ponder appic ^ ^ 
mattresses and othe 
six months or more. " 
trained personnel. Oi x 


feet of air space. . , • s 

Conenose Bugs, Assassin Bugs (Family Reduviidae). Most o t c * ( cc j c{ s. 
this family are predaceous, feeding on other insects; some species are P j rt 

A few are mainly dependent on wild animals for a blood mea , an an(C 3i 

have become adapted to human habitations and^ arc o ica , jj scasc . The 
the intermediate hosts of Trypanosoma crust which causes a S a . 

common method of transmission of the disease is t oug 
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Control. No effective control measures arc known for these bugs, and „ a fa. 
on is very difficult because of their habits. Mosquito nets and screened qua, no 
may offer some protection against adults ami the larger nymphs. 



Sucking Lice (Order Anoplura) 

The body louse (and probably the head louse) is known as the vector of epi- 
demic typhus and trench fever. It has been shown to transmit relapsing fever ifl 
Europe, India, China, northern Africa, and North America. Transmission is sc- 
comphshed when the crushed louse or its feces is scratched into the bite or ex- 
coriated skin; the bite alone is not sufficient. A characteristic scarring or brewing 
of the skin (vagabond's disease) often occurs, due to toxic substances secreted 
during feeding. This melanoderma is especially mark 
where large numbers of lice have fed. Crab lice are 
generally incriminated as vectors of disease althoug 
Chung (1944) points out that the crab-louse may act 
as a transmitter of typhus under certain conditions in 
which case they serve merely as reservoirs of the in- 
fected blood. . 

Sucking lice are small, dorsovcntrally flattened, wing- 
less insects which undergo an incomplete » e 
morphosrs Their legs possess oncqointcd ! etas » 1 
are well adapted for clinging to hairs. 
eluded in this order are exclusively 
ectoparasites. About 200 species are 01 , 
these two infest man. /' nrMr U). 

Body Louse (Pediculu. Humanus «r. 

Eggs of the body louse are laid among * ^ ^ 
clothing at the rate of 8 to 12 dady; as many as 3 °° ^ rarc [y found 

Young and adults live among the folds and seams o & Tb f prc(mc J lo- 
on the skin except when feeding or “ben exrremely b^d^ through 

cation for feeding is in the region of the neck. Blood S 



Pediculus humanus var. cor - 
pons, the body louje. 
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Thc h \ tC l° l ^ my “ USC a SCVC " : -» susceptible WKiJ* 

ccna.n spcc.cs (chigoes or sand Sens) invade the epidetmal tissues of man, pto 
ng Icslops that are likely to become secondarily infected. Although ,„i„ 
animals usually have species of (leas peculiar to them, these insects are not lost 
specific and when hungry they will readily attack any warm-blooded animal; suck 
ready transfer greatly increases their potentialities as transmitters of disease to 


T he species primarily responsible for thc transmission of plague is Xcr.oprjh 
cheopis, the Indian rat flea, which is considered to be the most common rector of 
murine typhus. Nosopsyllns fasciatus is the common flea of Raitus norvtgim ia 
Europe and the United States and, although not prone to attack man readily, it 
is a capable vector of plague and typhus among rats and mice. Diamanus mntanut 
and Hoplopsyllus anomalus arc known vectors of plague among tvfld rodents in 
California and Oregon. The cosmopolitan human flea of Europe and the United 
States is Pulex in i tans . Ctenocephalides cams and C. felis , the dog and cat fleas 
respectively, arc commonly found infesting houses in the United States, but they 
arc not important natural vectors of disease. 


lunga penetrans, the jigger, chigoe, nigua, or sand flea, is of great importance 
in a number of tropic countries. The male and virgin female are relatively un- 
important, since they do not penetrate thc skin. The impregnated female bores w 
way into the skm about the toes, the soles of the feet, or the fingernails and 
develops enormously, increasing from 1 mm. m length to nearly the size of a small 
pea. The “sticktight" flea, Echtdnophaga galhnacea, closely resembles lunge 
penetrans. It is a serious pest of poultry in southern United States and in tropic 
and subtropic countries and occasionally attacks man, dogs, and cats. 

Biology and Morphology. Fleas arc small, wingless, laterally compressed in- 
sects which live as ectoparasites on mammals and birds. The adults are medium 
to dark brown in color and have mouth parts adapted for piercing the skin Sever 
families arc recognized with difficulty, although such characters as the mim er 
of rows of spines on the abdomen, the presence or absence of eyes, the pres ^ 
or absence of a genal or pronotal comb, and the number of teeth in C3C ^’ * {5 . 
of the spermatheca, and the structure of the mesopieuron are all valua c ai s 
making tentative identification of the commonly occurring fleas. The ova 
unlike those of many ectoparasites, are deposited on the floor or in t e c 
their hosts. Metamorphosis is complete. The larvae feed on aval a e ^ ^ 
debris and are found with the pupae in the nests or on the oor. rar 
host. The length of the l.fc cycle vanes with species and ^momenta ^ 
Fleas previously fed have been known to survive for as long as 
they may survive for many months. prevents fl«s 

Control. Strict cleanliness in private houses or public u' hjbitlts 

from breeding in them; dusty cracks and unswept carpets mms by sp „ n . 

for many species. Infested houses may be rid of fleas, acc P , j afS , or by 

Wing the floors with naphthalene and sealing the f| on ra ,s can 

scattering sodinm fluoride or pyreihrum powder on the floors. 
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licit lie controlled by eradication of tbe ru.lcnt host through fumigation. Ten per 
tent DDT powder may be applied to the beds of dogs and cats am} to rumv ay* and 
holes used hy rats. It may he used Ix-nruih rugs, on floors, or soil that ts suited 
by tlca-utfeited animals, one-half pound null mat 1000 square feet. The 5 per cent 
DDT-hcfOscsie spray is most elTccmc, 

Rodent Control. It hat lieen noted that a high death rate among rodents as a 
result of a plague cpiaootic often precedes an outbreak of human plague. When 
rats or mice are reduced in numbers, there is more likelihood that the rodent 
fleas mil seek die body of man for food; consequently, u is well to employ measures 
that mil destroy both rodents and fleas simultaneously. 

Exhaust gases /rum automobiles or other gasoline engines (carbon monoxide), 
calcium cyanide, or carbon bisulfide nuy l>c used m destroying rats in their 


FLEAS WITHOUT PRONOTAL AND 6ENAL COMBS 



FLEAS WITH PRONOTAL COMBS ONLY 



FLEAS WITH PRONOTAL AND GENAL COMBS 



CtenO«t)h°C*s S> «**•«<»> US**e>'» « 

Identification character* of some medically imporiani fl CJJ occurring in the United Slate* 
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~ * a *. anJ „ 

“ ±?' • L ~ 1 ' *»&». *:r-:‘fv h -» - 


7. , ^ F««ng 1 tablespoon down each h,,™. 7 7 * J4 ’ 15 a Uust ™ m 

mediately. Large-scale fumigation a carr j “ ' “ d dosil * th ' «**C» 
experienced person!. S.„ rare a „‘d M.cITe (K 8 ) Va "f ^ ^ ^ “* *1 
SS. , . VO » **'*« » destroying r J ms £ 


r personnel, btewart and Mackie fI93Jn ho / , , uc aonc 0Dl r 

brom.de .* very effec.ivc in destroying rodemfii A f ,h:lt -ethy! 

fumigation » not feasible, active traLL J,T burrowi In ara s ..he. 

*= use of the agents listed below may l recoZTndT ^ ^ ** 


Kind of Poison 

| Amount 

1 Bait 

Barium carbonate 

Bed squill 

Thallium sulfate 
Strychnine alkaloid 
Arsenic tnoxide 

4.00 oz. 

16 00 oz. 

025 oz. (% level teasp.) 
0.1 oz. (2 level teasp) 
05 oz. (3 level teasp) j 

1 lb. 

I 9 lbs. 

I lb. 

1 lb. 

1 lb. 


poisons The select * Su . cccss * u * ^ait when used with any of the aboit 

proper ionme„“ A P T" ‘ S m ' XCd '™ h ,he b '° k '" ” ground bread in the 
compressed To tb L a"!'™" addtd untl1 *' mixture wdl form a ball ,k. 
peZs” and . a " A p0t ' i0m m3y bc «W in wax paper to farm “tor 
sweet nnt->f P ^ ^ nown t0 be frequented by rats. Coconuts, bananas, 

JV m'n'.mefcns. or peanut butter may also be used as flesh baits, 
on ro mg t e ship-shorc-ship rodent movements, rat guards or shields should 
c mamtaine on all connecting lines. Light clusters should illuminate bow and 
crn lines at night; all landing stages, gangways, and cargo nets should be re- 
move rom the wharves and between ships during darkness, in so far as is pw- 


Afosquitoes, Flies, Gnats (Order Diptera) 

The order Diptera comprises one of the largest single groups of insects, contain* 
ing over 75,000 species. Structurally, these invertebrate animals arc the most highly 
specialized of the class Insccta. All forms that are properly termed "flics” belong 
to this group. However, the word “fly” forms a part of the compound name of 
certain insects, such as butterfly, mayfly, or dragonfly, which are not members of 
the order Diptera. Nearly all species of the Diptera have sucking mouth parts, and 
a few possess structures capable of piercing the skin of man. These skin-piercing 
forms are the most important disease vectors and must be regarded as potential 
transmitters of any pathogenic microorganism. With few exceptions, flics with non- 
piercing mouth parts cannot be held responsible for introducing infection into the 
body except through previously injured surfaces; however, they may be hig ) 
efficient in the mechanical transfer of parasites. . 

Classification. The characteristic feature of the Diptera is the presence otonj ; 

one pair of functional wings; the second pair is reduced to knoblike structure^ ( 

known as halteres. With few exceptions, flies undergo a complete metamorp os , 
egg, several larval stages, pupa, and adult. „ f j 

Because of the enormous size of this order and the additions and correc 
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which are constantly being made, classification and identification have always 
been difficult and unsatisfactory to the laboratory worker. A practical method of 
classification is used at the U. S. Naval Medical School where, for convenience, 
members of the order Diptera are placed in one of three suborders — Nematocera, 
Braehyccra, or Athene ei a — according to the shape and structure of the antennae. 
This classification is based upon visible anatomic features; since adult specimens 
are generally submitted for identification, the antennae provide adequate dues to 
the medically important groups. 

Suborder Nematocera (Orthorrhapha, in part)- — Mosquitoes, Many Mos- 
quito-like Gnats, Black Flies, Midges, Sand Flies. The antennae of adults are 




Antennal characters of the suborder Nematocera 


composed of 6 to 20 similar segments, the two basal ones usually differentiated 
from the rest. The palpi arc nearly always filiform and four- or five-jomted. The 
larvae ha\c a well-developed head with chewing mouth parts. Disease vectors be- 
longing to this suborder have mouth pans which are capable of piercing the skin 
of man Only the females bite; the males obtain their nourishment from plant juices. 
Transmission of disease usually requires a lapse of time, during which the vector 
it nonmfective. 

Suborder Braehyccra (Orthorrhapha, concluded) — Horse Fly, Deer Fly, etc. 
The antennae are variable, generally the two basal segments are differentiated from 
the third which is frequently subdivided into a 
number of false segments or annulations, arista, 
when present, is rarely dorsal, usually terminal, in 
living specimens, the antennae extend in front of 
the head, bayonet fashion The larvae have an 
indistinct head and retractile, vertically biting 
mouth parts (mandibles). The medically im- 
portant members of this suborder have piercing 
month parts The females alone can bite; the males 
feed on plant juices. Disease transmission may 
be direct or may require a lapse of time during which the insect vector is non- 
infective. 

Suborder Athericcra (C> clorr/iapha) — Tsetse Ffy, House Fly, Green Bottle 
I'ly, etc. The antennae arc three-segmented. The spinclikc arista is subject to 
wide variation in regard to position and structure, but is usually located dorsally 



Antennal character, of ihc 
order (Iraeh>crra 
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on the base of the third segment. A frontal lumtlc is present ncarly a „ M 

Z°nThe 7 mS 'l lm h “ i S “ UrC iS USUal ' y pr ' SCnt - TU hmc “ wtthonta 
d st.net head and the month parts are reduced to simple hooks. The pupae » 

enclosed in the last larval skin to form a white or 
yellowish to mahogany-brown pupaiium. The 
majority of disease vectors, in both sexes, have 
mouth parts which arc incapable of penetrating 
the shin. Transmission is typically mechanical, 
requiting a prompt feeding on the second host 
for infection to ta\e place. Two main factors are 
involved in this type of transmission: (1) con- 
tact with a contaminative source, such as an open 
sore, feces, garbage, or sputum and (2) subse- 
quent contact with the broken s\in, conjunctivae, food, or drin\. A few genera in 
this suborder have piercing mouth parts; both the males and females bite (Glow nit, 
Stomoxys, etc ). Disease organisms undergo a biologic transformation in the 
medically important forms. 



Antennal characters of the suborder 
Athenccra 


Mosquitoes, Mosquito-like Gnats, Sand Flies, Black Flies, Midces 
(Suborder Nematocera) 

This group .s the most primitive of the three; it includes species which are im 
portant in the transmission of malaria, dengue, sand-fly fever, and many other 
diseases. Four families are recognized to be of medical importance: 


Family Psychodidae (sand flics, moth flies) 

Family Ceratopogonidae (no-see-ums, punkies, biting midges, sand flies) 
Family Simulndae (buffalo gnats, black flies, turkey gnats) 

Family Cuhcidae (mosquitoes, mosquito-hkc gnats) 


Sand Flies, Moth Flies (Family Psychodidae). Sand flies are the vectors o 
visceral and cutaneous leishmaniases. The species incriminated for Lcishtnsm 
donovani (kala-azar) are Phlebotomus argentipes in India; P. chinensis 30 ' 

sergenti in China; and P. major, P. sergenti, and possibly P. papatasii in the c ^ 
terranean region. Phlebotomus papatasii and P. sergenti are believed to tr3fisi ” 
L. tiopica (oriental sore) in the Old World, and P. intermedins to carf y 
sthensis (espundia) in South America. It is believed that both viscera an 
neous leishmaniases are transmitted by the bite of the insect; crus mg 
may be important in the transmission of the cutaneous type. . r , ( through 

Phlebotomus papatasii is a proved vector of sand-fly or P 3 PP 3t3a ^pL botontU s 
out the Mediterranean region, the Balkans and Asia eastvvar to n ia. ^ 
verrucarum and P. noguchti are transmitters of Bartonella act ipr . ^ ^ ^ 
of verruga peruana in Peru; the distribution of the disease is r 
canyons along the western slope of the Andes where those *P“» e * _ ^ scvcrf Jy 

MacPherson (1941) reports that men of the Australian ° „ „ ,n 

in North Palestine from a disease referred to as fwrara 
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allergic reaction due to the bites of Phlcbotomus at the height of sensitization. 
The exposed skin becomes covered with hard wheals up to 1 cm. in diameter. 
These may subside or may be replaced by blisters which may become infected; in 
some cases the regional lymph nodes become enlarged and tender. 

Biology and Classification. The more common members of this family belong 
to the genus Psychoda and arc harmless, nonbiting flies. They appear in large 
numbers in and around breeding areas, such as sewage disposal plants and cess- 
pools* and not uncommonly about wash basins. The adults are small and mothlike 
owing to their dense hairy cohering The wings rest in a rooflike manner over 
the body. Members of the closely related genus Phlebotomus are blood-suckers 
and produce painful bites. Like members of the genus Psychoda, the body and 
wings are covered with hairs. The antennae are long and hairy and consist of about 
16 segments. The palpi are four-jointed and are longer than the head. Unlike 
Psychoda, the wings are raised over the abdomfcn at an angle of -15 degrees when 
the adult is at rest. 

Sand flics ( Phlebotomus ) hide in damp places during the day. Only the females 
suck blood, emerging primarily at night to feed They fly only short distances and 
rarely rise more than a few feet above ground. In open coun- 
try where breeding places are associated with widely scat- 
tered rodent burrows, Hcrtig (1945) reported flight ranges 
up to 1500 yards as not uncommon. A few days after feeding 
the females deposit ova (40 to 60 per insect), by preference 
in crevices of damp, shaded rocks, stone fences, rums of 
buildings, or cases within 100 or 20 0 feet of their teeding 
places Occasionally, they may feed a second time and deposit 
a second batch of ova, but their life span is short — 7 to 14 
days The entire life cycle covers one to two months 

Control Sand flics of the genus Phlebotomus arc not easily 
controlled, for their breeding places arc difficult to demon- 
strate. Repellents have been used with some degree of satis- 
faction in certain areas- Bites may be presented by avoiding 
infested area* at night DDT has been shown to be clTcctive; 
the 5 per cent solution in kerosene should be sprayed on 
inner walls from floor to ceding, reaching well into the corners, and on the frame- 
work of doors, windows, and screens, both inside and out. It should be applied at 
the rate of 1 to I Y* gallons per thousand square feet. Screens should be painted 
with the solution, Hcrtig (1945) reported that 5 per cent DDT in diesel od 
distributed by airplane gasc remarkable control of adults in the Mediterranean 
region 

Black Flics, Buffalo Gnats (Family Simuliidac). Members of this family are 
extremely anno) mg and attack man readily in lhe immediate vicinity of their 
breeding areas, particularly during the day. In less heavily overgrown wooded 
areas the adulis have been observed to migrate several miles. The bites arc usually 
painless but nuy produce painful swellings. In northeastern parts of the United 
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Stales and ,n eastern Canada, black flics are the pests that probably interfere non 
with the pleasures of outdoor life; they are a scourge to livestock and other m 
mals in the southern states. In addition to diseomfort resulting from then bites, 
certain species arc vectors of the filarial worm Onchocerca volvulus, the cumin 
organism of onchocerciasis, or blinding filarial disease. Simulium lummsur. aid 
S. ncasri arc knosvn transmitters in tropic Africa; Euiimulittm miium, E. cchn 
cetim, and E. moose/ i in Central America, 

Biology and Classification, Dyar and Shannon have divided the family into 
four genera: Paiasimulium, ProsiruuUum, Eusimulwm, and Simuhum; there are 
about 200 known species. The adults are ralhcr small, hump-backed flies, usually 
dark in color, which probably accounts for their common names of black flies and 
buffalo gnats. The antennae arc short, as long as or a little longer than the head. 
The wings arc large and broad with the anterior veins thickened; the remaining 
veins arc poorly developed. 

The characteristic larvae and pupae arc found attached to slightly submerged 
wicker-work fish traps, rocks or vegetation in rapidly flowing, dear streams Most 
American species breed in swiftly flowing mountain streams and a patchy dis- 
tribution is evidently due to these limited breeding habits. 

Control. Black flics are rather difficult to control, and emphasis should be placed 
on individual protective measures. Complete clothing and head nets ivill l® 11 
bites over the face and body while traveling in heavily infested areas. Insect re- 
pellents will give satisfactory protection for several hours, if applied eienly our 
exposed surfaces. Aquatic stages may be partially eliminated by clearing roc 5 
and logs from the streams, but such procedures are economically unfeasibe or 
extensive control. Sudden changes in water level were shown by Wanson an 
Hcnrard (1945) to be an effective method of control of S. damnosum in 1 the Beg™ 
Congo, whereas a gradual rise or fall in water level will permit the an 
migrate to other suitable environments. Fairchild (1945) reports success mt 
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of DDT emulsion in flowing streams, applied at the rate of I quart of DDT to 
7,000,000 parts of water. 

Biting Midges, Sand Flies, No-see-ums, Punkies (Family Ceratopogonidae). 
These flies appear chiefly in the evening and early morning and occur locally in 
numbers sufficient to make life almost unbearable. The bices of some species are 
very painful and extremely irritating, causing nodular swellings that itch persist- 
ently for several days or weeks. The common name “sand fly” is applied to mem- 
bers of this family as well as to the genus Phlcbotowus in the family Psychodidae. 
Use of this common name may cause confusion, and a correct identification of the 
offending form is necessary before control measures can be instituted. Members of 
the genus Cuhcoides serve 4s the intermediate host of the filarial worm, Acontho- 
chctlonema perstans, C furens was shown by' Buckley to be the intermediate host 
of Mansonctta ozsardi on St. Vincent Island. 

Biology and Morphology. These small, slender flics may be distinguished by the 
peculiar venation of the wings, the first two veins are very heavy, the others rather 
indistinct Scales arc absent and the wings are frequently covered with microscopic, 
erect hairs variously marked with iridescent areas in many species. The proboscis, 
like that of the stmuluds, is very short The antennae are H-scgmcntcd. Eggs are 
laid in a variety of places, mainly in water or water-saturated sand and soil, larvae 
are commonly collected in tree holes. Throughout the Pacific Islands, large num- 
bers of larvae and pupae have been found in water held in the numerous coral 
pockets above high-tule level. The slender brown pupae superficially resemble 
those of the mosquitoes, but unlike the latter they float almost motionless in a 
vertical position The entire life cycle requires from 6 to 12 months. This family 
includes about 22 genera 

Control. Species of ihe genera Ctdieoide t and Leptoconops have been controlled 
by selective residual treatment with DDT sprays or dusts. Their breeding places 
arc usually limited and must be accurately determined before area treatment is 
begun Bed nets and screens treated with DDT will poison many of these small 
gnats as they make their way through the meshes, but it may not kill them in time 
to afford complete protection from bites. Mosquito repellents are of value in pro- 
tecting the hands, face, and ankles. 

Mosquitoes, Mosquito-likc Gnats (Family Culicidac). Mosquiiocs have long 
been notorious as pests of man and animals, but this role is overshadowed by their 
importance as vectors of organisms pathogenic to man. From a medical viewpoint 
they arc the most impoitam of all blood-sucking diptera, being known transmitters 
of malaria, dengue, yellow fever, filariasis, and the various encephahtides. 

Glass i nr stion Members of the family Culicidac are small, slender flics. The 
typical antenna is composed of H to 15 segments. The wings arc long and narrow, 
and folded over the abdomen when at rest. The venation is characteristic, six 
longitudinal veins arc nearly always present; the second, fourth, and fifth veins 
arc forked, the third vein is unbranched and arises from the anterior cross-vein at 
about the middle ol the wing. The wing veins possess hairs or true scales, and the 
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hind margin is fringed with scales or simple hairs. The immature 
aquatic. 


stages are always 


Edwards divides the family into three subfamilies: Dixinae, Chaoborme, ad 
Culictnae. Only the latter is of medical importance. The subfamily Culicicue coa 
tains about 1600 species, embodying the true mosquitoes, which arc easily differen- 
tutted from all other mosquito-like gnats by: (1) a long proboscis (as long as ik 
head and thorax) and (2) scales located on the wing veins, along the posterior 
margin of the wings, and on the legs and body. The mouth parts of the femalei 
arc adapted for piercing the skin and sucking blood (although some species Jo 
not bite man or animals). Males subsist primarily on plant juices and nectars. 

For practical purposes, the subfamily may be divided into two tribes, the 
Anophelttu and the Culicini. The tribe Anophclini is further divided into three 
genera, of which one. Anopheles, is of paramount importance. (The other two 
genera arc restricted to definite geographic areas and arc unimportant as sectors of 
malaria: Chagasia to South America and Bironclla to the Australasian region) 


The tribe Culicmi includes the great majority of the known species of mosquitoes; 
it is divided into a large number of genera and subgencra, with species often 
separated with difficulty. 

It is to be expected that within this large group of insects considerable variation 
would exist in the life histories of the species, and it is not possible to select any 
one species as typical of the subfamily. In general, all mosquitoes in their immature 
stages arc aquatic and undergo a complete metamorphosis: egg, larva, pupa, anJ 
adult. Tile larvae, or “wigglcrs," pass through four larval stages. With thefourih 
molt the pupa, or “tumbler,” appears. This is a nonfeeding stage during wbk 
the adult structures arc organized. Usually the pupal stage is quite short, « 
adults emerging in 24 to 48 hours. 

The various species differ greatly in rate of development, feeding habits, rj' 
ing sites of adults, mode of hibernation, and choice of breeding areas. Know c 
of this “species individuality” is of great importance in disease contro, ^ 
enables the entomologist to concentrate specific control measures against 
particular, offending species — species sanitation. ^ 

Genus Aedls. Several species of Aedes are particularly well known 
their ability to transmit important tropic diseases. Aedes aegypti, a ^ 
species, is the important vector of urban yellow fever and dengue, . ^ ^ 
is an oriental species known to transmit dengue in the Philippines 
where in the Far East. The latter has recently been introduced into the ^ 
Islands and is responsible for the transmission of dengue in t a recently 

1914). Aedes scutellaiis is typically Australasian in distribution, ( 9 ** 

one species of the "sculellaris" group was described from e ^ lKIor d 
and Farncr, 1945). A member of this group has been pros 0||lbrM J[ of 

dengue in New Guinea. Mackerras (1946) demonstrated dun .0^^ ^ 
"jungle” dengue fever which occurred in Nesv G “ ,nc 0 f A , htk»“ 

hebrideus. There are epidemiologic indications that ■ ^ abJlty „ tnuis®> 

jjs W cll as other members of this scutellaiis group y 
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breed,' „ g habits, it is Ipoe.an, ^ “.*«** 


■Her ^ ** 5 *? ** - 

and camps. Tin cans, bottles, jars, pails old tires sai^' 1 "*^ 10 * ° f bb)U “ on ' 

rcls, fire buckets, and cisterns arc likeiv site, “™ ! r °" shs ’ ™ 


— — r-. *-««, uoiucs, jars, pails, old rin>« "“"““w 

rcls, fire buckets, and cisterns arc likely sites. ^Wee" 8 UV ' ! ro “ shs ’ ,jin b 
found in tree holes, differing from m,. i f ‘ ae gyptt is not common!? 
in this respect. When a "i fi thc — 
screened ‘T”°‘ bC dini! "«' J . ^ shoufd be 


■He presence of ,n“ ” "** **“ 

such as kerosene or nonleaded gasoline will kill bn^T^u' * k^' 
readily evaporate, leaving „, c water ^ « 



Genus Culex. Culex quinquefasciatus (syn. C*. fatigans) is the common, brown, 
house mosquito and is an important pest in the warm temperate, tropic, and su 
tropic regions of the world. The adult is one of the important sectors o 
Wtichcrcrta bancrofti, Culex piptens is a vector of filariasis in Egypt, China, an 
Japan; it is a common house mosquito in the United States and has been shown to 
be a capable vector of W. bancrofti by Newton and Pratt (1946). Culex tars >* 
has been found naturally infected with the western strain of equine encep 
myelitis and with human encephalitis in the United States. Culex tritaeniorhync » 


is a known vector of Japanese B encephalitis. . . 

There arc about 300 species of mosquitoes in the genus Culex, and, h ^ 
they represent a very common group in most collections. The genus 
broken up into numerous subgenera, and frequendy it is impossib e ^ ue 
the females of the subgenera with any degree of certainty. Species o ^ 
rather dull-colored, and the mesonotal ornamentation, as found m m 
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important Aedes (subgenus Stegomyia), is lacking. The larvae of C. quinque- 
fasciatus breed by preference in artificial containers; those of C. ptpierts, also a 
domesticated species, are found in rain barrels, cisterns, and polluted grassy pools 
and swamps. 

control. Domestic species of Culex may be controlled by removing or over- 
turning all water-holding containers; breeding in cisterns and wells can be re- 
duced by screening, spraying with kerosene, or introducing surface-feeding fish. 

Genus Anopheles. Probably no other group of insects has received so much at- 
tention as the anophclines, for they alone are responsible for the transmission of 
malaria, the most important of all arthropod-borne human diseases. In some 
parts of the world, certain anophclines arc also important vectors of filariasis 
{Wuchercria barter ojtt and IP. malayi). The recent work of Byrd and St. Amant 
(1945) indicates that Anopheles jarauti is the important vector of IP. bancrojti 
in the area of the New Hebrides and Solomon Islands in addition to being the 
primary malaria vector m that region. 

Not all anophclines arc natural vectors of malaria; Hackctt and Russell (1938) 
state that of the 175 odd species which may be considered as potential vectors, the 
great majority are rendered harmless in nature because their biting habits do 
not bring them into frequent and, especially, repeated contact with man. 

Among the factors that may be important m determining whether a given 
anophcline is an efficient vector of malaria or filariasis arc: the type of breeding 
place or places and their distance from human habitations; the usual length of 
flight and the tendency of the adult mosquitoes to enter houses; the occurrence, 
abundance, and seasonal prevalence of the anophelines; their inclination to bite 
and their time of feeding; the susceptibility of the mosquito to infection and the 
choice of hosts (man or animals) as determined by precipitin tests; and the 
sporozoite or filarial index. 

The great majority of the species conform to the commonly recognized pat- 
tern of ‘‘spotted-wing mosquitoes.” Unlike the cuheines, the females have 
maxillary palpi about as long as the proboscis, an important criterion in separating 
the two tribes. The scutcllum is evenly rounded or crescent-shaped; the abdomen 
docs not have scales on the first abdominal tergite (or at least the sternites are 
bare); and the legs are long and slender. The larvae have rudimentary breathing 
tubes and lie parallel to the under surface of the water. Palmate hairs arc usually 
present, at least on the abdomen. 

The life histories show much variation within the genus; it is generally 
felt that the time required for development is longer than that for most other 
genera. The life cycle of the anophcline mosquitoes under favorable conditions 
usually varies from 14 to 21 days, although some species may hibernate in the 
egg, larval, or adult stage. In the Tropics where breeding is relatively continuous 
throughout the year, the number of days required for completion of the aquatic 
stages may be materially reduced so that the life cycle may not take over 10 
days. Most of the species probably prefer the comparatively pure, quiet, fresh 
water of pools, (>onds, marshes, streams, and swamps; some prefer polluted water; 
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brackish water. 8 vegetation; a few arc able to breed is 

cusslon does not perm" ,1 “1 ^ ^ ° f A ' P™' d* 

anophcline mosquitoes of the world'°The f u®' .‘“P* n ««Mry to identify da 
and adult anophcline, w II u follo ' v "’S P'“°™1 beys to the facial 

States (see pp M7) ‘ PCCiCS io * <*- 



Anatomy of an anophcline larva (Anopheles quadnmacu- 
latnt illuitraird) (Ri drawn after Ross and Roberts) 

control. In planning mosquito control as an antimalarial measure, it « ,m 
portant to recognize the different species of Anopheles that are efficient vectors 
m the area concerned. As already stated, only a few species are active vectors o 
disease; in the United States and Europe only two or three species are of primary 
importance. Different races of A. macultpennis are the most important in Eut°P > 
as arc A. quadrimaculatus and a variety of maetdipennis in the United ute 
In India, Russell (1939) reports that about 13 species are still under sus ^ l ^ £ j j 
There are three important methods in the prevention of malaria, all o 
were combined in the earlier campaigns against this disease in the 
in Panama and more recently in the extensive control throughout t c 
Islands: (1) Protection of the individual from bites of mosquitoes. ( _ 

tion of adult mosquitoes and their breeding areas. (3) Chemica P r ^ ^ 
(Harper, Ltsansky, Sasse, 1947). Of these three, only (1) and (2) apPX 
mosquito vector and will be briefly summarized. 



THE INSECTS 


695 

Protection of the Individual from Sites of Mosquitoes. These measures primarily 
include using bed nets, insect repellents, and proper screening (18-mesh); remov- 
ing adult testing places; wearing proper clothing; avoiding malarious areas, and 
following other personal protective measures to preclude the passage of the 
malaria parasite from man to mosquito and from mosquito to man, thus inter- 
rupting the transmission cycle Education regarding the dangers of malaria and 
the method of infection also has been of considerable importance in this respect, 
Russel! (1941) has discussed some of the social obstacles to malaria control 
Destruction of Adult Mosquitoes and Their Breeding Areas. The basis of 
permanent prophylaxis against malaria in a given region must depend upon the 
destruction of the particular species of Anopheles which is involved in the spread 
of the disease in the region concerned. Control measures should be directed 
toward the larvae, pupae, and the fully developed insects. Against the adults, spray- 
kilhng with the various available insecticides will result in an appreciable reduc- 
tion in transmission of the disease. The possibility of airplanes and ships intro- 
ducing malaria into a country, by carrying infected anophehnes from an endemic 
center, should not be overlooked. In all probability, A gambtae crossed the 
ocean from Dakar, cither by aircraft or fast destroyer, and was introduced into 
South America. Thu efficient vector resulted m transmission of malaria to over 
90 per cent of the population in Ceara and Rio Grande Do Norte. According to 
the Rockefeller Foundation, mortality in certain districts amounted to JO per 
cent, a subsequent report states that there were more than 5000 fatal cases. Such 
accidental introductions can be avoided tf all vehicles from endemic centers arc 
treated with pyrethrum sprays, both on arrival and on departure. 

Against the larvae, permanent control measures are preferred to temporary ones. 
The elimination of mosquito-breeding areas may be accomplished by filling, 
draining, or stream-clearing. In different parts of the world, extensive sanitary 
engineering projects for permanent drainage have been carried out with con- 
siderable success, but such procedures arc not feasible m many localities and little 
success has been obtained in others. 

According to Watson (1940), on many estates in India much malaria is en- 
tirely attributable to man’s interfering with nature by clearing away jungles and 
streams and exposing them to sunlight. By so doing, the harmless species have 
been driven out and the breeding of dangerous ones permitted, as Anopheles 
minimus in the north, A. fluviattUt or A cuhafaaes at different elevations in the 
south. The elimination of “man-made" breeding areas of A. farautt (syn. moltic- 
censis) in the New Hebrides-Solomon Islands region was one of the major prob- 
lems in the control of this vector of malaria among military forces during World 
War II (Perry, 1946) Nearly 75 per cent of ihe breeding of this species was 
restricted to such artificial catchments as road ruts, improperly constructed road- 
side ditches, and similar areas. 

Drainage should never be attempted without consultation of capable medical 
entomologists, field malanologists, and sanitary engineers. Faust (1937) points out 
that within recent years relief drainage, earned on without the supervision of 
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sanitary engineers or entomologists, has increased the breeding places of AnoM 
quaanmaculatus in the southern United States, with consequent outbreaks of d 
disease in previously nonmalarious areas. Especial attention has been demoted b 
the Division of Malaria Control of the Tennessee Valley Authority to the prepan 
tion of reservoirs before the impoundage, effort being made to present a da 
water surface after filling. With the successful employment of fluctuation < 
water level as an antilarval measure, various accessory control procedures ha\ 
been utilized more extensively. It has been shown that marginal drainage, short 
line improvement (drift removal), and herbicide work are essential to secure ih 
maximum results from variation of water fluctuations. 

When filling, drainage, or clearing is not practicable, the spraying of \ute 
surfaces with chemical larvicides is generally practiced. Paris green, diesel oi 
$2, kerosene, or DDT are useful in controlling anopheline larvae. The method 
of application and amounts to be used vary under different conditions; ir /nos 
instances, directions for use arc supplied with the organic larvicides In airplaw* 
distribution of dusts or sprays, many problems are encountered. 

More details in regard to the description of species of anticlines and thei 
control as vectors of malaria are beyond the scope of thi'.ext. Information com 
piled from antimalanal campaigns, particularly on ,e experience gained b; 
malaria control and survey organizations of the Armed Forces, is well records 
by Russell, West, and Manwcll (1946). The important features of practica 
malariology, integrating the newer developmmts with older information, an 
therein presented, and an excellent account of the basic elements of each pha« 
of the subject is clearly defined. Publication! dealing with the use of DDT as at 
insecticide are available through the Bureau of Entomology and Plant Quarantine! 
U. S. Department of Agriculture, Washington, D. C. 


Horse Flies, Deer Flies (Suborder Brachycera) ^ 

Of the recognized 17 families in. this suborder, only one, the Tabamdat/^ 
medical importance. There have been occasional reports of some s P eClcS c jU j j 
family Rhagionidae biting man, but the habit is an exception rather t 3 ^ wwl? 
Many species of tabamds may act as mechanical vi ctors of disease, t * p 

not developing or multiplying within the body oi the flies. Chrysops 1 f 

western deer fly, was shown by Francis aid Mayne (1921) to conv ^ ^ J’l, 
tularensis in this way to nun and animals. Tabamds have been sUS P c ^ jt 3R j pJl, 
of espundia (Letshmania brasilensts) in l\c forested regions o 
guay. Cbysops dtrtudiata and C. silacea seiye as the interne ia e « 

in tropic Africa. . , fC usually Urgi 

Biology and Morpholocy. Members of the family 1 a am ^ antcn n 3 e arc 
or medium-sized flies with robust bodie^ and large eyes ^ ^ j oinl 
porrect and variable in structure, always (three-segtnentc , , in n ,cm- 

often annulated. In most of the genera the antennae arc sh0rr ' 
hers of the genus Chrysops the, arc longer than the ca . ott( hangin» 

The eggs are deposed in masses on staler plants ami grass 



Chrytops 4i scabs. the dccr fly nr preen head 

marshy areas. The carnivorous larvae are usually aquatic and are to be found in 
the muddy bottoms of swamps, ponds, and streams. Adult males live upon 
plant juices. In some of the genera — Tobanus, Jlacmatopota, Pangousa, and 
Chrytops — the females ate well-known for their blood-sucking habits. 

Tabanus. There are over a thousand species in this genus The three-segmented 
antennae are shorter than the head, ocelli arc absent; the wings are usually dear, 
but spots and bands may be present; spurs are absent at the ends of the hind 
tibiae. 

Cunt sops. The conspicuous markings on the wings, the long antennae, and 
marked ocelli (three in number) are characteristic <»f this genus. The second 
segment of the antenna is as long as the first; the third segment has four annula- 
tions The hind tibia has small spines at the tip. 

Control. Effective control n difficult, drainage of swamps where tabamds arc 
breeding has bruited value. Repellents arc not too effective. A hymcnoptcrous 
insect which attacks the egg masses has been introduced into some sections of 
the United States and is gn mg promising results. 

Tsetse Fly, House Flv, Greln Bottle Flv (Suborder Athericera) 

The members of this suborder comprise a large number of medium to small flics 
They may be separated from members of the previous two suborders by their an- 
tennae which are rather short and never have more than three segments. The distal 
one bears an arista on us have. Dipterologists have broken this suborder into several 
families, for practicality and convenience the suborder is here divided inu> two 
categories according to mouth part structure, and the terms btttng and nonbttmg 
flies arc used to separate the medically important groups. 

The biting forms have a rigid dmimzcd structure, the labium, which forms 
the piercing organ. This beak like proboscis normally projects forward when not 
m use The labium of the nonbmng forms consists of a rather flabby mem- 
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Mouthpart structure of f, , NON" BITING 

pulfcdVor'cx.Lrf'^ ‘nT'JT Pa “ ° f lh ' h ' ad tl 

y of the proboscis arc not capable ^ Pj^ushion-liTc labclla at the 

labcllar Jobes enable a few species P icrc,n g the skin. Spines and teeth on tie 
animals. P to scra P e or cvc n puncture the skin of man or 


Stable FJ J * IT,NC flies 

% and arc creoncfusly rcWd ' r ' scmbk ,hc hoasc 

been used in emerim. I ftJn b' lousc A'cs.” Stomoxyi has frequently 

evidence rhat ,r 'eansnnss.on of disease, but there is no conclume 

piles of hay, straw ‘ atm ~ f 3 "' 3 ' 3rc fouIld breeding in decaying 

are known m h a ■ • I ^^ in ^ s> ant ^ Jn cast ‘ u P seaweed along beaches. They 

(1945) has rrn T l m 3nimaI wastcs hut never in human excrement. Afacgregor 

food eon,a mi „a,eV,viVeggs1/^'fspeles m “‘ ,naI ^ ^ 

attacks mi ^ S/pbona). This is a serious pest of cattle and occasionally 

* Pi ° Se ^ rescm ^ es the house fly, but is only about half as large, 

l i , ^ Ji enus Glosstnd). This genus is limited to tropic Africa and in- 

s a out . species. These flies are peculiar in that the female is viviparous, 
p ucmg a single, very large, fully developed, yellowish-brown, motile Jana, 
med' j™ 36 afe ^ e P os h e d in shady, sandy soil. Pupation takes place almost im- 

Glossma palpalis is the principal vector of West African sleeping sickness (due 




to the parasite Trypanosoma gambtense)-, G. morn tans is the transmitter of the 
East Aft-wan form of the disease (due to T. rho&esitnsc) in Rhodesia, the Sudan, 
and the Belgian Congo Glosstna lachtnotdes, which Lester (1936) reported to be 
snore frequently infected with T. gambtensc in nature than G. palpsJis, is found in 
a belt along the southern bottler of the Sahara from the Atlantic to Arabia. 

Control. The control of tsetse flies is difficult considering the long flight range 
of adults and the habits of the female m depositing larvae Known fly belts 
should be avoided; screened quarters and the wearing of white clothing arc the 
best prophylactic measures. 

NONBiTiNO ruts 

The dividing line between families of this group is not always dearly defined; 
some genera have been shifted from family to family, while others are still await- 
ing permanent assignment to their correct group. It is impossible to discuts the 
species in detail, only the more common and important genera will be considered 

The house fly and many of its relatives aic common agents in the mechanical 
transmission of certain infections which arc often grouped under the term “fly* 



Cforrifu fjp&i in natural resting pouiwo aiwJ nuh sung* outmttebtd (MxNes), after Dofinft > 
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borne diseases." The spongclikc mouth parts, the numerous body spinet and tie 
sticky pads on the feet of these flies have been found to carry a large nnmkroi 
different pathogens. Some of these disease organisms may pass unaltered tkioiijk 
the digestive tract and remain viable in the feces or “fly specks." The method tf 
feeding has an important hearing on the house fly's ability to transmit disease 
organisms. The secretions regurgitated during this act may harbor [jphoid and 
cholera bacilli, or contain the pathogens causing amebic or bacillary dysentery 
which are thus transferred to food and milk. In the same manner, the spirochetes 
of yaws may be transferred by flies feeding on the ulcer and then depositing the 
organisms on scratches or skin abrasions of healthy individuals; likewise, the 
causative agent of trachoma may be spread by flies feeding on soiled bandagci 
or on infective matter in the eyes of patients. Members of the genus Hippehtcs 
(the eye gnat) arc attracted to man to feed on lacrimal secretions, open sores, 
cuts, and ulcers. Hcrms (1926) reported them as being very common in the 
Coachella Valley in California where they were important transmitters 
organisms causing various types of conjunctivitis. 

It should be emphasized that these filth flies may easily carry the pathogens 
found m excrement, sputum, open sores, or putrefying matter to food, milk, 
healthy mucous membranes, or to uncontaminated wounds. 

The larvae of many of the genera may accidentally become internal parasites of 
man, producing a condition called myiasis. Clinically, the types of myiasis maybe 
classified according to the part of the bod y invaded. Thus, when the invasion 
involves the intestinal tract, it is referred , to as “intestinal myiasis”; when it in- 
volves the skin, “cutaneous myiasis.” Oth' er types arc urinary, ophthalmic, aunc if. 


and nasal myiases. a 

Musca Domestica. The common hoi j S e fly is the most familiar representin'* 
of the order Diptera. The eggs arc laid , jn masses of 75 to 150. A single fenia 
able to lay as many as 21 batches m a smjfSje month after emergence. 

Control. House-fly control is mainlJy directed toward the suppitsswti 
breeding, but also includes measures against adults, as well as protect ne 
designed to exclude flies and prevent tj*hem from contaminating foo . , 

Manure, particularly that of horsesp an d hogs, constitutes one o t « ■ P 
breeding places, and its proper d : r s p 0sa l is of great importance. ^ [0 
sprayed with a DDT-water emulsion? m concentrations as low as . P 
kill any fly larvae which may develop, f ply breeding in human exetc U > UP ^ 

dangerous; wherever possible, toilc: ts should be care u y , | K(J 3fC ex* 
porary camps the use of trench latq j n es and prompt ^ ( cce s for 

tremely iroportantyn reducing breeding. Applications ot j# a p<wC: {ul 

larval control is neither economical nc5j r elective. Sodium ars ^ ^ ^ g3 , JonJ cf 
and cheap poison abd l gallon of the concentrate, mixed \ , h)ofU i >£n i«if, 

water, will give extent control for fldes and * 

if available, is etfectiv\ only if used in d<? c p pits which a ^ fans ,hooW U 
Neglected garbage furnishes excellent bre eding matem- Garb3 ge can 

available, kept tightly 3pve«d f and thorough* cleaned when emj y 
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are world-wide in diiifurifo”";,^^' 11 ’ about ,h ‘ ‘>zc of the ion* ]>, 
are usually roe* green in color, often tLTtd • ' "W** ** *2 
f distinguished by its yellow palpi ' f W Sran bo " 1 '” fe Lei 
X. ««sr is less actively parasitic. The larvae of Tf,™ ° f 

7'“- ,fe maggot or Hack blow flv) l! V'”" ^ ° f 

catmcnt of osteomyelitis, a ]iWh y ' c ecn uscd «tca*i'ieiy in tfer 
Smwart (1934) has particuiarly A mvI , t C,, P “'™S "* 

used as a surgical maggot because it „„„ "*i<* has been nidc/f 

attack and invade healthy living tissuc. PP ' ‘° ^ cic!usi ' el y saprophagout, v.i:] 



Lucilia scncaia, the green bottle Dy. 


, atC ^ a ^ a * Sp e cics belonging to this genus are usually distinguished by their 
. , f , ar ^ c SlZe ‘ *** ls striped and the abdomen commonly mvkni 
.» 3f ’ afCJS 1,1 a c ^ ec ^ e r'board” fashion. The adults, commonly called “fl«h 
> are requently obsen-cd about garbage and decaying animal matter. ^ IC 
arvae ave een recorded living as parasites in sores and m the nasal caviud aflJ 
mtestma tracts of man and animals. The genus is peculiar in that some specie* 
are viviparous. The larvae have powerful, curved mouth hooks; the st/gnwl 
p ates are set in a deep cavity at the posterior end of the body. 

Cochliomyia. The adults of this genus superficially resemble the green bottle 
flies {Luc ilia) but may be recognized by the three longitudinal d3tk stripe* ° n 
the thorax. Two species, C. amencana and C. tnacellaria, arc of particular interest, 
for the larvae arc known to be important producers of several type* of myia**** 
Cochliomyia americana is found in the southwest United States and throughout 
the American tropics. Cochliomyia macellaria is frequently found in associ a, i° n 
with C. americana, but it appears to be a secondary invader. Eggs of C. tnJ<e^ jnJ 
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are oft 'n deposited :„ TH,! ,Ns «rs 

v, t'cs to necrotic tissues.^ 556 * ° l , hc ^ 
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Chrysomyia. These fl.es resemble Cochliomyia but may be generally scp Mt d 
by their .Afferent geographic distribution. The genus is confined to Africa, bland, 
of the Pacific (including the Philippines), Australia, and certain sections of Am 
They are medium-sized fl.es of a light metallic green or blue-green color Tli, 
larvae arc frequently reported as parasites of sheep and are hnonn to came a 
disfiguring myiasis of man. The adults are readily attracted to bleeding surfaces 
and will oviposit in the ears and nostrils of persons having offensive discharges. 


THORAX WITHOUT 
LONGITUDINAL STRIPES 



BODY METALLIC GREEN LOWER SQUAMA WITH 

OR BLUE GREEN LONG HAIRS ABOVE 


Chrysomyia bezziana, the Old-World <crcw-worm fly. (Cour- 
tesy, Dr. S P. James, U. S. National Museum ) 


Wohlfahrtia Magnifica. The larva of this species is a common cause ° 
cutaneous myiasis in the Old World. Its habits arc like those of Cochhomy* 
americana. The larvae are deposited on the skin or about the eyes and, at east i 
young children, they may penetrate the unbroken surface. Several cases of m ) ia 
due to \V. vigil have been reported in North America. ^ 

Dermatobia Hominis. This is a large, thick-sct fly about 15 mm. ong, ^ 
prominent head and eyes, small antennae, and a marked narrowing at ^ c l 
tion of the grayish thorax and metallic-blue abdomen. The species is 'V ^ ^ 
in tropic America, living in damp forested regions. When ready to °''P^ ^ 
flies capture Psorophora mosquitoes as they emerge from the P u P a ^ ^ w 
sionally other biting or nonbiting Diptcra or c\en ticks) an C P° ^ 
eggs on the ventral side of the abdomen, gluing them to it in sue P When 
the point of emergence of the larva is directed aw^y from tie m . 
the mosquito contacts either man or other warm-bloodc amma * , ufe 

of biting, the larva is stimulated to emerge; it then burrows t roug^ j| ere 

wound into the subcutaneous tissue by means of its power u J ^ {, CCO nurg 
it develops into a club- or flask-shaped structure (\cr ma ^ Brazil)- b ** 
more cylindrical (called “.ored” in Venezuela and b™ , , um „„l,U 

girdled by several rows of prominent spines. As the 
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swelling develops with a central orifice toward which the posterior (pointed) 
extremity of the larva projects and through which it takes air into its spiracles. 
After a period of 7 to 15 weeks, it leaves the tissues and burrows into moist soil 
to pupate. Harrell and Moeslcy (1942) point out that the larvae may at times 
burrow deeply into vital tissues. 

Auchmeromyia kuteola. The larva of this species is the blood-sucking "Congo 
floor maggot.” It is about 16 mm. long and has a dirty-white, thick, leathery, 
wrinkled skin; otherwise, it resembles the larva of Mu sea domes :ica. The adult 
fly deposits her eggs by preference in the dry dust of cracks on the floor of native 
huts. The larvae hatch in a few days and seek blood within a few hours, crawling 
out at night to feed on sleeping natives. They arc said to survive for a month 
without food This is the only known instance of a blood-suckmg larva nhich 
attacks man. (Other species of blood-suckmg larvae infest the nests of birds and 
the burrows of certain mammals). Attacks of these maggots may be avoided at 
night by sleeping on a cot a few inches above the floor. 

Cordylobia Anthropophaga. The larva vs known as the “African skin maggot," 
or “ver du Cayor." The ova are deposited in dry sand, occasionally on clothing, 
but not directly on the skin. After three or four days the larva emerges and by 
means of its mouth hooks attaches itself to the skin of the first animal with 
which it comes in contact, most often a rat or a dog, but quite freq'tently a 
child The larva bores its way painlessly into the skin and produces a lesion like 
a boil which has a central opening through which the larva breathes. It resembles 
the ver macaque, is somewhat barrel-shaped, and beset with small spmes. Twelve 
to 14 days after penetration it leaves the body of the host and pupates in the soil. 

Gastrophilus Jntestinaiis. This species is commonly known as the “horse 
bot ’’ A number of cases of human infection have been reported; however, man 
appears to be an unsuitable host When the larvae reach the skin they tend to 
migrate aimlessly and give rise to a “creeping eruption” similar to that caused by 
the larvae of the dog hookworm. Like Dermaiobta, mouth parts are vestigial in 
the adult stage. 

Enstalis Tcnax. The larva of this species has been reported to cause intestinal 
myiasis It is popularly known as the “rat-tailed” larva because of its long breath- 
ing tube Sehuartxwtldcr (1942) reports 22 cases of human infeciion; all but one 
involved the gastrointestinal tract Immature forms are found m polluted waters. 

Piophilia Casci. The small black, rather andike fly, commonly known as the 
"cheese skipper,” has been reported by Simmons to be a common cause of in- 
testinal myiasis. Cheese, bacon, ham, smoked meats, and fish arc especially 
favored by the larvae. Man becomes accidentally infected upon catmg these foods. 

DiTFKMisvrso'r op Dipterous L\rv\k 

Certain points in the anatomy of dipterous larvae must be considered in de- 
termining genus, family, or even species. Maggots, the larvae of flics, are foot- 
less, uormhke, and more or less cylindrical. The broad extremity is usually the 
posterior end and the tapered one the anterior or bead end. The terminal srg- 
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Body structure and stigmal plates of some myiasis -producing fly larvae. 

ment bears two chitinized plates; these arc the posterior stigmal plates; tbetf 
shape, sculpturing, and position are characters used in specific determination. De 
tailed preparation is not necessary for an examination of the plates and spiracle** 
It is sufficient merely to remove a thin slice at the posterior end and to ciainii* 
the exterior surface under the low-power objective of the microscope* 

Collection and Preservation of Arthropods 
Specific identification of medically important arthropods is often \cry 
essential in determining which measures should be used in their control ^ ‘ , 

collecting and preparing such specimens for identification are described w |C « * 
immediately following. 
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Live specimens should not be sent through the mails In shipping specimens mounted 
on slides or contained in vials of alcohol, special care must be taken in packing to prevent 
breakage In the Tropics, particular care should be taken to store insects in dry containers 
Mold and insect pests will soon destroy a collection if proper care is not taken Salve tins 
or pill boxes, packed with adults, as indicated below, should be enclosed in mailing 
tubes or other sturdy containers for shipping If mounted adults are scat, the pins must 
be forced firmly into place and the mounting box must be enclosed in excelsior within 
another sturdy shipping box. All shipped material should be labeled “Fragile" and ac- 
companied by complete data as to locality, date, elevation, collector’s name, 3nd other 
pertinent information as to habits, habitat, abundance, and distribution As far as possible, 
reared specimens should be accompanied by associated larval and pupal skins 
Mosquitoes. Adult mosquitoes are usually collected at catching stations, in bait or 
light traps, or from various daytime resting places A chloroform tube is commonly used 
in their capture Such a tube can be easily prepared by placing a half inch of cut rubber 
bands or other rubber scraps m the bottom of a large shell vial or test tube, saturating the 
rubber with chloroform, covering with a plug of crumpled paper or cotton, and topping 
with a circle of stiff paper Various types of suction apparatus are used for taking speci- 
mens alive or in large numbers 

Minuten nadeln may be used to pin freshly killed adults. The adult mosquitoes may 
also be glued to paper points, using Duco Household Cement, orange shellac, or some 
other adhesive Dried specimens should be relaxed before being mounted, care should 
be taken nor to rub the specimens or break off the more fragile body parts. 

Unmounted adults can be placed between layers of glazed cotton, cellucotton, or 
cleansing tissue in pill boxes or salve tins of appropriate size. Plain cotton is objectionable 
because the specimens become entangled in the fibers and breakage results when they 
are removed for mounting The cellucotton expands and contracts, depending upon the 
humidity, therefore, care should be taken to cut the sections of this material large 
enough to fit snugly to allow for shrinkage when drjrng. If naphthalene or paradichloro- 
benzenc is added to prevent the development of mold or the attack of insect pests, it 
should be used sparingly in fine crystals in the bottom of the pill box (preferably in the 
outside container) and should not be allowed to come m contact with specimens 
Tcmiinaua A study of male termmaha is often necessary lor specific identification. 
The tcrminaha must be cleared and mounted on slides for microscopic examination. 
Many methods of preparation are known; a simple one is given below 

1 Clip the tip of the abdomen with fine scissors and wet in a dish of 70 to 95 per cent 
alcohol 

2 Transfer with a pipet or a bent needle to a dish of 10 to 20 per cent potassium 
h)droxide for 5 to 20 minutes — longer if the specimen is to be stained. 

3 Transfer to a slide and remove the excess potassium hydroxide by blotting from 
the margin of the drop 

4 Add a small amount of glacial acetic acid to neutralize the potassium hydroxide and 
partly dchjdratc; blot off the excess, 

5 Add a drop of chloral gum media, described under larval mounts; orient the 
specimen and place small bits of glass or paper around it to prevent crushing by the 
covers! ip 

If balsam or dame mounting media arc desired, the specimens should be cleared by 
adding a drop of clove oil or xylol between steps 4 and 5, and the clante or balsam 
substituted for chloral gum in step 5 

In the genus Anopheles the proettger tends to obscure the details of the phailosome 
and cla'pctte*. it is desirable to dissect these from the proctigcr and ninth segment. This 
should be done under a dissecting microscope just before adding the mounting medium. 
For a special technic on dissecting and staining Anopheles termiiulia, sec Komp, Public 
Health Reports, V«I 57, no. 36, p 1327 
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prochgsr (unai (<lbe j 
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►. '* ninth leroiig 

Dona Aspect fanal lobe removed) 


j i pheltotom* Itofim 
j clatptKt (horpogo) 
pholksomt 

Lateral Aspect 


^Hrlerm, , ct e muala . ‘•“’ er0 ' 4s « cl 

F . 

Eccs. fertile anophelme t . , , 

Ported , ctmra , ^ J ™ «~m ' table for rc'crul *j, „d „„ kc „ m 
* U [ papcr aa fa = Preserved m loLl S' r bjt<:h of c ® ™ a narrow impel 
iT b d P J ta/Hn. A cotton plug satprawd ^htn m ‘ abe •&"> "»WaU 
in the bottom end another dry pL ,S/i > °f er . lmma,m ‘“J bc l td 
'gjs are not directly wetted with formalin ti!**** abo “‘ 1 cm - * ion 10 ltsl * 
‘^method of egg pre Serva t 10n ‘ T :c nmoca, n rube is lery satisfactory for 

'hey can be co/lectedT/'l^mmTn ' a “ !hc su,f ‘ cc ° l the 'rarer »fcrt 

moved With a wide mouthed dropper ""i 1 * ?" P d ' ppcr ' nc hr '“ m " 

to the- laboratory for rearms c spoon > P^ced in collecting jars, and returned 

scrapings of dog btscu.t, pabtum ZsTT’r- ™ u pT , eiCr ' at ’ oa - Th 'Y ™ ** - 

larva^n a'rf watc r frequently For quick tde 
when "he dr ° P °‘ “ 3 ‘" a sl,d ' " o( "" 

mosquito larvae shou^lT^rcpal-d^m^'^^ m ° um ' d on a slide. For careful study a!! 
hlfed°in ^manner th P " S ' r ”" s "““Unto larvae in alcohol, the specimens should k 

*op of waWiranbeUWIw d r"' 0 " *«* «*“”“* “ ' 

seconds For siormn „ ^ ^’PP !n ff them in hot (nor boiling) water for 15 to 20 

alcohol, allpllTed ;„Tr'"r l ’ l, “ ,d bcpi ““ d » P- cent, ,*cn IP per « 

convenient comainers can I, ''1'°!'°" phes P ™ en < moiemrnt and brealasr. lay 

MouNTiNr Mm. s |. C lron ’ ctnpty noiocain tubes discarded by dentisu. 

mosqmto hrvac umber Afferent media and technics may be used for mourning 

° ,T t0 . l3rvac , nd ot b cr rmall arlhropods for microscopic study 
j a ~8“ m 1 ledta. The use of BerJese’s formula, or one of its several riiexiificatior.s, 
van ageous since no dehydration of the specimen in alcohol is necessary. Tfji* re 
c CCS , a ^ ,n £ larvae to a minimum and lessens the likelihood of mechanical in;u*7' 
omc i culty, hovvfevcr, has been experienced with the permanency of these mounts- 
ma ragmen ts of glass or narrow strips of paper, previously saturated in the medium 
can e placed on cither side of the specimen to prevent crushing by the cosershp- The 
asc ew segments of a cuhcinc larva should be nicked with a needle, but not completely 
severed, to allow the breathing tube to appear in full lateral view. The slide should be 
kept m a horizontal position for several weeks until the medium hardens. The edge* 
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of the eovmhp should then he ringed v»rtb some scaling agent such as cfonte, isobutyl 
methacrylate, cellulose cement, black asphatvum scaling material, or Duco Household 
Cement 

Gatcr’s modification of the chloral-gum formula is commonly used It can be prepared 

as follows. 


Gum arabtc (gum acacia) 

8 Cm 

Distilled water 

10 ml 

Chloral hydrate 

75 Gm 

Glycerin 

5 ml 

Glacial acetic add 

3 ml. 


The gum arable is dissolved in water, the action hastened b-y keeping the water warm, 
and the other ingredients are added in the order given The thick solution can then be 
strained through several thicknesses of clean muslin, if necessary Other modifications 
have been recommended, but the above formula seems the simplest to prepare and its 
ingredients are available in most laboratories 

Polyvinyl Alcohol. Phenol-Lactic Acid Medium The following medium provides another 
rapid method for mounting mosquito larvae and other snull arthropods without clearing 
and dehydration rn alcohol 

Polyvmyl alcohol stock solution 53 5 ml 

Phenol 250 ml 

Lactic acid 2j 5 ml 

A stock volution is prepared by dissolving the pondered alcohol (Dupont-Grade RH- 
349A) m water until the solution becomes as uscouj as thick molasses This stock solu- 
tion becomes clear on ***" A tearing can be hastened by heating over a water 

h * • ms medium at described for chlotal-gUiti, and the 

• . -v.idcs 

Uanfe, and ho butyl Methaerylale For mounting specimens in media 
which have \ylol as a solvent it is necessary first to dehydrate m 50, 70, and 95 per cent 
alcohol The specimens should then be cleared in clove oil, carbalxylol { three parts 
xylol and one part melted phenol crystals}, or absolute alcohol followed by xylol The 
Specimens should remain in the various cIuhrcs S to 20 minutes Alter clearing, they may 
be mounted in balur», cterife, or tsobwijf mellwcryJatc With balsam and dame, 
hardening of the media may take several daw Isobutyl methacrylate, on the oilier hand, 
dries very quickly and slides can be used in a few hours, ringing or sealing is unnecessary 
All slides should be fully labeled with locality, daw, and collector 

Other Ncmaioccrous Ovptera. Specimens of the smaller diptera of medical importance 
— Ceratopogonfdae, Psvchodidac. and Simohidae — arc best preserved in 70 per cent 
alcohol in the field PhiebMomm adults can be mounted bier on slides foe careful studs, 
but iff nhcoides art mounted in tbit wav ii w uUen diJicuIt in make out the charactcmue 
color markings on the wings Simuhid adults can also be preserved in alcohol and later 
dried for mourning Irv all three of these groups, specimens may also be preserved dry, as 
described for mosquito adults, and later mmimrif m various ways for more detailed 
study 

Miles. Sjvcnnent mav lie preserved to ah oho! and itrbv-qoendy mminfed on slides l or 
temporary mounts. they may lie pipetted onto a glass slide and covered with a drop of 
glacial acebc acid and gently heated over an ahohol lamp 1 hit result' m perlcct clearing 
ami extension ( A the specimen m that the bivcvi details of both dorsal and ventral sur 
faces can be seen 

For permanent mount*, specimens ace transferred t<» a drop oi glacial acdu nod. 
covered and heated very grully until bubbling begin*. The covtrglasj » then h/icd ati. 



712 


PARASITOLOGY 


th^pccmen transferred to another slide and mounted in chloral g um „ otllcr ^ 
' ‘ ■ acid the chloral gum technic should he 

, . ‘ glacial lactic acid. 

■ 1 ‘ ■ » their host nnim-'t'- «»• •>••• 1 

by "flagging" ' 

area, and thci ■ , ... 

per cent alee] . a...., mounted on slides. If slides are to be made the tltluji 
be luted m an extended position by pressing them gently between ttto glass slides «Ve 
they arc killed by dipping diem in hot water. They can be stored in 70 per teat altoM, 
cleared in potassium hydroxide, dehydrated in alcohol, and mounted in balsam, clame, at 
isobutyl methacrylate, as described for fleas. 

Fleas. These insects may best be collected from small animals by etherizing the host in 
a bell-jar or other targe container and picking up the stupefied fleas that attempt to 
escape. If U\c host is lulled, it should be dropped immediately into a tight cloth bag to 
prevent the escape of the fleas that leave the animal as soon as the body temperature 
begins to drop. Dogs or cats may be dusted uith ground pyrethrum ot derris root, iad 
the fleas picked up from papers spread on the floor under the animal Specimens may be 
preserved in 70 per cent alcohol or mounted on slides for specific identification by the 
following procedure: 

1 Drop living fleas or preserved specimens into 10 per cent potassium h)droudc3nd 
allow them to remain there for a day or two until cleared sufficiently 

2. Transfer the specimens to water m a watch glass containing a few drops of hydro- 
chloric acid, allow them to remain one-half hour 

3. Dehydrate in 50 per cent alcohol. 

4. Place in 95 per cent alcohol for one-half hour 

5 Clear in beechwood creosote for one hour, or run through several changes of abso- 
lute alcohol and clear in clove oil or xylol. 

6 Mount on slides in balsam, jsobutyJ methacrylate, or clarite 

7. Label fully, including host animal, locality, date, and collector's name. 

Miscellaneous Arthropods. Spiders, scorpions, centipedes, millipedes, lice, oMbupt 
maggots, nymphs, and other soft bodied insects may be preserved in 70 per cent a co . 
the corks of the vials should be paraffined to prevent loss through evaporation Jf a sma 
amount of glycerin is added, the specimens will not become dry and shrunken upon ® 
of alcohol. The vials should be kept upright so that the corks will remain dry “ J 
in good condition for a long period of time The larger, hard-bodied a u t ms ^ ^ 

h ^ - f ” ' ’ " ‘ ' 


Frame Fluid The following formula prouder an excellent fomg - r *tan« 
of insect anatomy. It is a clearing and relaxing fluid and works cq>aaf , , Jcci t ,» 
slides, covershps, and other small glassware The insects to be stu ie 
the material for 30 minutes or less, depending upon the specimen. 

265 mi 

Alcohol 95 ml 

Ethyl acetate 35 ml 

Benzol 245 ml 

Water 


The ingredients are mixed in die order named 

Technic for Determining Source of Mosquito Blood 
1. Collections of engorged female mosquitoes are made and the uisects 

l ° 2 ^Tlie mosquitoes are killed and tden.rteat.on ts made as to species 


Meals 

transferred ** 
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CHAPTER 28 


• P ° isonous Snakes and Lizards" 


Snakes 

“L^ r- s — ■ — « 

snAcs) and Viprridac (vipmne snaUs) “ °" g ‘ hC Col “ briJa ' (“» 

*"»' ™Pon™cV“”!Lann^hrSal"^^ C ‘T™* "° rmall >' pr ™”' a " 

opal feature to be considered is the ah r, 7 *l S £ ccies °f P°‘ s onous snakes, the pi 
‘! ssu « of the animal bmen F or example^ nVJn^ *"? 1° in,rodu « « 

the maxilla but these are placed r,n ^ r - ’ t 9P ls, boglypha there arc fangs attached 
venom cannot be inoculated, these snakes J *r * ,C S ° Ild l 5 ClI> in f f0nt « 50 ,hat - s,nct 11 
TJicn, too, snakes in which 'the fm fC ^° m 3 P ract 'cal P°'nt of view nonpoisonou 

their venom ,s of lo^toxT c 1 “* 50 “T-'* ha ' c a small po.son gland an 
attached to the maxilla which m a .? SCr0US sna ^ cs the poison fangs are placed anteriorl) 
and m the C **** " ^ fa *—* 

been a question as* to toxicity o7 the llf As, / pha Seri “ and ha ' c soI,d *«th. Awe 
manifestation With the Protcreorlvnhi * °1 some °«|>’P hs * but thlJ is probably an allergic 
grooved or canahyed nn c R J Pha, where the dangerous snakes belong, there are 
Collide The three f3 " 8S ’ “' mori y “> the max, Ha. 

poisonous species belon fi™ 5 not . cd a hove belong to this very large family. The 

shaped tall and ini S c,t be r to 1 1C hlydrophinac (sea snakes), which have an eel 

round tail As i r l" C * aUtncd body, or to the Elapinac (land snakes), which have a 

been reported I f ^ ,ne m 5a,t watcr the shore, but such snakes have 

Tropics and i ^ * ^ al . cr ^ 3 ^ cs ,n 'he Philippines They are of importance in th' 

and their 3 S ° Ur ? ° f dangcr lo fis hcrmcn While their venom is extremely uu 

heids and , 8 ? s, | uatc d anteriorly, the danger from them is minimized by their smal 
nifd mr? u C l V j V nCffiClem ^ ltc ‘ T ^ c Elapinac have short, strong fangs anteriorly lo 
is th I , C >n them small grooved (not canalized) teeth The poison gland, which 
,? ° SUC °f , Parotid, has a duct located in the upper lip and terminating in a 

"hi, 3 C poison duct does not enter the fang lumen but empties into muscular fold* 
winch surround the base of the fang, hence breaking off of a fang does not necessarily 
injure t e uct There is a succession of teeth in snakes, so that a new fang grows out 
ir the original one is extracted 

Many of our harmless snakes such as die garter snake and black snake belong to the 
Colubridae. 

The cobras belong to the subfamily Elapinac and are best known by a ncckhkc expan 
sion or hood. The only poisonous colubrine snakes in the United States are the bead 
snake (Micrurus fulfills), often called die Florida coral snake, and the Sonoran con 
{Mtcruroidcs euryxantlus) Both of these snakes were formerly included in the gem-* 
Elaps 

The bead snake is black with about 17 broad crimson bands bordered with yed°* 
Although small, it is very venomous. The upper jaw has anteriorly grooved fangs, w i 
•Revised by Paul W Clough, MD 
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The potsonot/r coral snakes of the United States, Mienitrrt ftihuti and Uicrnrrudtt rn ryxanthus 
(formerly Elapi), have transverse rings of black, \irmillion and yellow Differentiating these snakes 
from harmless ones which resemble them there are black ongs bordered by two jelfow ones, while 
with the harmless snakes a >iiU»w ring u bordered by two black ones The sea snake {JEnhyJrina 
rpecict) has a rudderhke tail which it here shown twisted to one side. 

appendage* arc net present ret the nonporsonout coral snakes, these latter having teeth 
m the upper jaw so that the wound shows four rows of punctures instead of two rows 
and one larger puncture on each side to mark the entrance of the fangs 
lt» Asia there are many important poisonous cofubrmc snakes, the cobra (Mr/u tnpii-. 
titans), the King cobra (A'o/a bungarut) and the kraits {Buti&arui can did us). 

All of the Australian poisonous snakes are colubrmcs. 

SsaixLs or n« Unit to States (Stiles) 

(rf) Pupd of c>e vertical, pit present, single row of centra) scales posterior to the vent, 
adults with head more or less triangular, constriction behind head more or less 
prominent Pst vipers (all poisonous) 

(8) Pupil of c>e circular, pu absent; double row of ventral scale* posterior to the vent 
(a) Odor yellow, black, yeftow, red, tn bands Coraf snake (poisonous) 

(A) Color black, jellotv, black, red, m bands . . False corals (not poisonous) 
(r) Color all oilier* . Not poisonous 

VipcruJae. The xipcnne snakes sr c characterised by a broad head, narrow neck, short 
and stumpv tail, and a short upper jaw which, with the fangs, is directed obliquely back- 
ward Hie raulc'nahc ( f rot Jus) , ibe copperhead { innsfrpjo# c^ntortnr), and the 
water moccaun ( i pnnoms) are widely distributed in the United States. 

There ate man) harmless snake* which more or less resemble these “pit vipers," a* the 
rattlers, murt-jvim, anti «/pf>erhead« are called 1 In* term refers to a deep hole nr pit 
found on the vide of the head between the nostril and the eye It » a blind sac TS>c 
much dreaded ’ fcr-dc lancr” {Bathrops lanuolaU) is a crouhnc snake 
Some dssrde the Vi|<tiduc into the Crouhaaf, which possess the pit, and the Viper 
mae which do not have this structure Russell • vr per {Patou ntutlh) »* the best known 
of the Viper mac and is one of the most important poivtnou* makes of India 
Hie poison fang* are groused or perforated and connected witii the potion glands 
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jr ,,,c " by ,hc r/r“\ri *** 

A, the fanps nr*. .1: . . ° f fc “ “ « <« 


As thf fin ,. tile man <JibIe or lo 

rcctcd by the sphenopterygoid muscles r h f t" gS arc brought forward and 
venom 6 ,a„d „ cs LenvccnX fibeToIVS,, ^ *> ^ • 

maxillary and jphcooptaread „ usdtlllJ 



Z?a^ow rwrrr///. (After Mense ) 


arul C °l traCtl ° n ^ ,c ^ atter ,n erecting the fang would also squeeze the venom gland 
r C,C , Ct * * venom Tlic snake bite is a combination of bite and blow. The functional 
fangs of colubnne snakes, however, are not mobile. 

In addition to the possession of the pit these vipers have a more or less triangular 
ea an in particular a single row of iarge scales on the under surface postenor to the 
vent (anus;, while the harmless snakes show an elongated oval head and two rows of 
large ventral scales posterior to the vent. 


Snake Venom. In examining the wound made by a snake the two punctures 
of the fangs indicate the bite of a poisonous snake. If these fang-puncture points 
are far apart it shows that a large snake, and probably one capable of injecting a 
greater amount of venom, has given the bite. 

When a snake strikes the fangs move from the horizontal to the erect position, <he 
mouth being widely open. When the fangs enter the jaws close and pressure « »« lc 
on the poison glands so that the venom pours out. 
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(I) Single row of scale* posterior to vent (poisonous make — water moccasin) (2) Double row 
of scales of harmless snake (Ndinx) (3) Side Slew of head of pit viper (■•) Side 'lew of head of 
harmless snake (5) Dnrsjl view of pit viper (6) Dorsal siew of harmless snake (7, V>) Bite 
puncture and skull of Mierurur. (8, 10) Same of harmless snake. (II) Poison apparatus of rattle- 


The idea that a snake exhausts its venom when striking is not true. Colubnttc snakes 
may bne shortly after the first attack, and inject each time a lethal dose of senom 
Fresh venom vanes from an almost colorless fluid to one with a brownish or greenish 
color It is \ncid and quickly decomposes from the varied bacterial flora it contains A 
number of years ago the inaction of rattlesnake venom was used in the treatment of 
epilepsy but dangerous and even fata] reactions resulted from the pathogenic anaerobes 
at times present in the venom of snakes Dried venom is quite stable in the dark, and 
retains its toxicity for years 

The amount of venom vanes with the sue and condition of the snake, an adult cobra 
fielding about I ini Acton and Knowles give die following table expressed in milligrams 
of desiccated venom 

Common cobra (mean yield) . 3170 mg 

Common hrjit (mean yield) 817 mg 

Handed Iran (mean yield) (A 4 mg 

Russel) * viper (mean yield) KUO mg 


Important poisonous snakes (Elaps fill tun is now included in the genus Mimirnr ) 

They estimate the minimum lethal dose for man as 15 mg. with cobra \enotn and 
mg. with the venom of Russell’s viper (Dakota}. The venom of the kraus is more potent, 
that of the very common Indian krait, Bun gams Candidas, being given as 1 mg. 

The cobra, after having bitten, remains attached for a short time while the DiIm 
strikes with the greatest rapidity and immediately releases itself. 

Cobra and krait bites (colubrme snakes) produce mote or less siimEsr 
symptoms such as paralysis of articulation with nausea and vomiting and later 
paralysis of the respiratory apparatus. There is only an insignificant reactio" *' 
the point of bite. 


The venom is mainly neurotoxic, causing death by paralysis of cardiac and resp« l 
centers. Cobra venom is also very hemolytic. This hemolysin is activated by the not 
complement of the serum of the animal poisoned, the hemolysin as contained “> 
venom not being toxic when alone- Lecithin also has the property of activating the o 
lytic substance in venom 

In rattlesnake bites (viperine snakes) there is marked pain at the site ^ 1 
wound with much swelling and hemorrhagic infiltration. The swe mg 
petechial mottling spread up the limb from the point of entrance of the ' r ” 
Cold sweats, nausea, cardiac depression, and syncope are common. An cX£ ^- 
to this general rule is Crotelus terrificus, whose venom is s'rongiy nc 
affecting vision and respiration. The local effects arc slight. 

Rattlesnake venom is active chiefly on account of ns hemorrhagin, or rather 
lysin, which destroys the endothelial lining of Wood vessels. 
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The hemolytic (hemotoxic) effects of the venom of the West Indian and Central 
American vipers arc most marked — hemorrhages from {he co/j/unctivae and stomach 
occurring along with reflex \omiHag There is marked damage to the blood vessel walls, 
death occurring in coma in about eight hours in the absence of anthentn. Even with 
such treatment transfusion may be necessary Of the American pit vipers, the rattlesnake 
venom « the most toxic and that of the water moccasin least so, but the necrotizing 
power of the latter is more marked 

Venoms may also contain proteolytic ferments which may account for the softening of 
muscles ut snake bite cases The toxic effect of the venom takes place without an apprecia- 
ble incubation period, bence different from true toxins 
The most venomous snakes seem to be the sea snakes {EnAydnna) This venom is al- 
most entirely neurotoxic 

The tiger snake of Australia is almost equally venomous and the krait (B Candidas) 
next The rattlesnake is about one fifth as venomous as the kran 
Certain venoms greatly increase the coagulability of the blood so that intravascular 
thromboses may occur It is chiefly with the venoms of Dakota and Bungarus that such 
thromboses arc likely to occur and this accounts for the almost instantaneous death which 
ar times results from bites of such snakes, when the toxin is injected directly into a vein 
Treatment of Snake-bite Poisoning The nonspecific treatment of snake- bite poisoning 
which has usually been recommended is (I) Application of a tight ligature above the 
site of the bite for 20 to 30 minutes The ligature, which should preferably be a rubber 
band, is to be applied about a single-bone extremity, not about one with two supporting 
bones (2) It is recommended that a piece of rubber gauze be cut and placed on the sue 
of the bite Suction by mouth should then be kept up steadily for at least one-balf hour 
if no antivcnm is available If antiventn is at hand, it should be administered at a dis- 
tance from the site of the bite, and the suction continued [nctsion increases the chance 
of Secondary infection 

ftannermann has shown that a dog bitten by a cobra cannot be saved by free incision 
and the rubbing m of permanganate crystals U may, however, be saved by the immediate 
injection of )0 m! of a 5 per cent solution of permanganate, bur not if two minutes have 
elapsed Bites from the Daboia are fatal, however the permanganate be applied Banncr- 
mann, therefore, doc* not consider the permanganate treatment of any practical value 
Rogers thinks that llannirmann's experiments with dogs do not give a true idea of the 
value of permanganate because he has had success »n experimenting with cats and be- 
cause be believes it has saved human lives Chromic acid injections (l per cent) have 
also been recommended Acton and Knowles consider potassium permanganate as unre- 
liable and recommend subcutaneous injections of a 1 per cent solution of gold chloride 
These local injections may be helpful if used before the venom has been absorbed but 
they have no etfect on venom taken up by the circulation Intravenous injection of per- 
manganate ts not only without effect but is dangerous Amaral states that the ligature 
will not prevent the tenons from spreading and may accentuate the proteolytic and cyto- 
lytic action In Ins opinion permanganate solutions in active concentrations have a dele- 
terious actum on tissues The ute oj potassium permanganate u now generally regarded 
at cettiratndtcaied 

Internally alcohol does not seem to be of any value, in fact, many of the deaths have 
been attributed to excessive ingestion of whiskey Strychnine in large, atmost poisonous, 
dove* wav highly reiomnicnded in Australia, but the statistics seem to make the tahre oi 
this remedy doubtful 

In an article on snake bite, N Hamilton faulty (IfHlJ states that early free excision 
combined with mechanical suction is the only method tj Wa) trejiment likely jo be 
successful in body lutes Immediate application of a ligature and free excision (f by f cm >. 
down m the muscle*, wav the only elfcctt'e local treatmens in sheep bitten by tiger snake* 
He refer* to the vvotk of Crittmuns (1927), advocating ligature and tneuton combined 
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ana excision. As regards the of 
states ' 

For lo< 
never t 



Allen (1939) thinks * ■ ■ . 

ficial. In still more desj .... 

the tourniquet may be e, ...... u: wnnout refrigeration, as a preliminary to it- 

layed amputation. He believes the use of an occlusive tourniquet is harmful, and ixs 
not recommend mcisions. 

Herbert Clark (1942), who has had more than 30 years’ experience in Central Ammo, 
emphasizes the necessity for immediate treatment. The snake should be killed h 
identification. He advocates the use of a tourniquet sufficiently tight to stop tenons M 
not arterial flow. This should be loosened for a few seconds ctery 10 minutes Extracnca 
of the venom by suction should be started at once. Suction may be applied by the mou& 
over a thin sheet of rubber laid over the bite. This should be continued vigorously fof 
five minutes, the site should then be washed, antivenin given, and suction repeated. 1> 
cisions are not advised as they increase the raw surfaces and hasten absorption. Ana- 
\enin should be given subcutaneously, and the tourniquet should be kept in position for 
an hour after the administration Alcohol is contraindicated, and potassium permanganate 
cannot reach die venom beneath the skin. 

Antivenins The active agents of snake venoms may be either of the nature of hema 
rhagins, neurotoxins, or fibrin ferments. In colubrmc snakes the neurotoxm vastly pre- 
dominates whereas with the vipennes it is the hemorrhagin. Certain Australian $«lcs 
contain all three toxins in about equal proportion, whereas with the rattlesnakes w 
America it is almost entirely the hemorrhagin which causes the poisoning. The Micruna 
( Elaps ) of Florida is a colubrine snake and ns venom is ncurotoxic in nature. 

The cause of death in colubrine snake bites is chiefly from paralysis of the respiratory 
centers whereas with the pit vipers it is chiefly from hemorrhages in the 
Antitoxins have been prepared against both vipenne and colubrmc venoms and the* ^ 
specific, thus a colubrine antivenin will not be of value against a vipenne bite i ' nUVC ^ 
should be administered cither intravenously or intramuscularly. The ar ^^ nI1 ^j C Ql i > 
mended for injection to neutralize a fatal dose of snake poison vary from 100 to 
of the antivenin serum There is no accurate method of standardization. tfunce 

In Central America anubothropic serum can be given in all cases with a £ 
of effectiveness, since 80 to 85 per cent of the bites arc due to species o Boi roy 


When Calmette (1894) first produced antivenin the idea prevailed ^ 
useful for any snake venom, a view soon found to be untenable. ct c ^ 
institutes in many parts of the world where antivenins are made to co 
local venoms; thus in the U. S., there is the Antnenine Ins j^^tt^mocan 3 
which produces an antivenin for rattlesnake, copperhead, an Ma " ^ ^ 
venom. These venoms are chiefly hemorrhagic. Previously, t e tox ^ j £WX ,Vj* 
venoms made the immunization of horses j CJlt ,nd pJp 

Uon are now being used which are more successful. . the 

valent sera are produced. Often, when it is impossi c to * f sre p\ea 
of the offending snake, a polyvalent scrum is ‘ndieatc • %enoin , iotrt* 

cither intramuscularly or intravenously. With htg / P 01 fact* P 10 ^' 
venous therapy is indicated. Fairley emphasizes that osag 
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tion to body weight, so that children may require several times the amount of 
serum sufficient for a heavier adult. This is because of the natural neutralizing 
power of the blood stream. A large individual, having more blood partially to 
neutralize venom than a smaller person or a child, requires less antivenin Owing to 
varying strengths of antivenins (concentration methods) one should depend for 
dosage on the instructions accompanying the product. Besides the local and spe- 
cific treatment for snake bite one should put the patient at rest physically and 
mentally, as psychic shock is an important matter with some snake-bite patients. 
Fairley also recommends black coffee or caffcin. Strychnine and alcohol, and in 
particular morphine, should be avoided. 

Lizards 

Lizards are nonpoisonous with the exception of the two Gila monsters (Hclodcrma 
suspect um and H horrid um) The first is found in Arizona and New Mexico (Gila river 
valley), the second in southwestern Mexico They are about two feet long, heavily built, 
and covered with small tubercles. The name monster is most applicable The poison 
fangs are in the lower jaw, and the bite of these apparently sluggish creatures may cause 
death. When aroused, they are very vicious and it is as difficult to open the closed jaws 
as in the case of a bulldog. They deposit pardunent-hke eggs in the sand of the desert. 
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Poisonous Fish and Coeienterates* 


Poisonous Fish 

Fish Poisonous as Food. Illness produced by eating decomposed fish, whether 
in the natural state or canned, belongs to the general problem of food poison®!! 
There are, however, certain fish whose meat is poisonous when eaten in * P 0 ' 
fectly fresh state. 

This may be connected with certain epidemic diseases among fish ordinarily utilized « 
good food. Various bacterial organisms have been isolated from such fish, an 
poisonous effects have been attributed to various ptomaines elaborated by «e 
genic organisms. Most of the organisms isolated from diseased fish ha\e eon ^. , 
colon or protcus groups. Cases have been reported of botulism-hke poisoning " * 

the eating of tnsu&tently salted fish. The* cases were probably dot l » 0* 
of a soluble toxin by Cl b*U.U«um, as such fish when cook, id lost ^ M 

of Cl irnlimm is destroyed by heat, whereas that due to Sata«““». „ s l{ 

poisoning organisms, withstands ordinary cooking temperatures, 
bacterial products is designated tchihyotoxismus miM tion of deco® 

There are certain fish whose meat is poisonous when there i 0 f the 

position or disease in the fish The best known instances “* "X termed/^' 
genus Tctrodan The illness produced by the eating of thufob » pnnCi p!« 

mus, the Japanese designating such fish by the term go. ^ such 

seem to exist chiefly in the ovaries and testes. thc ' aUn f hours . {t haJ btffl 

bringing on serious dlness in 4 few minutes or possibly death in feh Wt 

stated that after careful removal of all genital and altmen o^ ^ Kmtllhj , Ur 
be eaten without harm. The poisonous principle has a pM V commlll in S soA 
curare, and is thermostable. Such fish have been use s among me in- 

Boesoinc <1940) has reported from the Netherlands Indies two oca 
dtvtduals exposed, Hlowntg the tngestton of T'tniw’t 'nt' foll tojetlw 

The porcupine fish or D.odonudae are considered aP* c . **« 

with the Tetraodoncjdae, or broad-nosed puffen, “ e &nded tart “ 

seamen they are generally designated ''put! roa ‘ ctul i„ of these fob *. 

as they are drawn out of the water. It ts well ^ ,Z* a»d ■> “ ^ ’ 

may fit! to came potson.ng at one time may do so at anotn 
nottdtlut potsontns effects occur at the tune of spawntng. 

In the Trop.cs fish rvhtch may orJmat.ly be safe « ^ b “ 
a result of feeding on certain poisonous medusae and c • ^ 

This is probably true of the barracuda, wbje|^“ V to 
Yet undoubted cases of po.soo.ng wtth „ s Me, for 

that the barracuda may be potsonoos it jo „ atsu ch tunes, 

spawntng, or that u ,s subject to a more raptd deeompo 

•Revised by Paul 'V. Clough, M D. 
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Poisonous fish. 


To lest reports of such poisoning, Bloedorn and HaLansson (1926) reported the eating 
of barracuda with safety on several occasions This fish was one of those most commonly 
caught in the West Indian waters surrounding Puerto Rico The fish, eaten -on several 
occasions, varied from 8 to 15 pounds and one weighed 26 pounds. One of the warnings 
from local fishermen was that very large barracudas were not safe Fish poisoning in the 
Tropics from barracuda or other edible fish is probably most often due to commencing 
putrefaction 

There are certain species of the herring family which have a bad reputation Among 
these are two species of Melctta In New Caledonia, M vettenosa causes painful cramps 
of the body with dyspnea, cyanosis, cold sweats, and dilated pupils and at times death. 
M them a of the West Indies is also a very poisonous fish. 

Herrc describes in the Philippine Journal of Science for October, 1924, 60 species of 
poisonous and w orthlcss fishes, of the order Plcctognathi 

Macht (1941) investigated the toxic effects of fresh muscle juices of 65 dilferent varie- 
ties of fish lit the United States by injections into mice and by observing the effect on 
the grow til of Liiptnus olbtu seedlings All the fish they found to be toxic are regarded 
as inedible except the catfish and the cel. 

According to Barbour (1941) eating the flesh of certain poisonous species of fish causes 
a disease inown in the Caribbean area as Ciguatera, the symptoms of which vary with 
the species and the susceptibility of the individual There are two clinical types In the 
more frequent and benign there is a gastroenteritis with headache, epigastric pain. 
Cramps, tenesmus, nausea, syncope, and crythnsm, and death may occur In the algid 
form symptoms resulting from injury to the nervous system come on rapidly, with al- 
ternating periods of paralysis and convulsions, c>anosis, coma, and death. Many cases of 
the algid type have beers reported from New Caledonia after eating a local herring. 
Cl it pea ( enenota, and a toad fish, Tetrojon macula turn 
Toxicity appears in a sporadic manner in one genus and not in another of the same 
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m a,,0thcr Qf lhc *“« m* There do rot^- 
to al f 3 L k d i nd,V,dua j d,ffer f nccs m samc secies under the same cond^ 
be .he S ^ The development of the toxin » MMk 

be the result of the exaggeration of a normal metabolic Wton and, not a nfoW 
phenomenon The toxicity 1S most marked when sexuaf processes arc most acme. *4 
during the breeding season. For example, the Cggs of our pickerel are venomous. 


Fish Which Poison by Their Sting or Bite. According to Barbour (1M) 
many spiny fishes secrete an irritant poisonous slime which may be gcnttilj 
distributed over the surface of the body, or more frequently is located in glands 
situated at the base of highly specialized spines which serve to inject the poison. 
The sting rays, Try-on or Dusybatis, ate typical among Elasmohranchs, Scar pita 
Chilomycterts, and the freshwater cat fishes such as Ameiurus are exampfes amo:{ 
the Teleosts. In some of these the poison is very virulent, in others only slight!} 
irritant. 

Fish of the genus Muracna have specialized teeth associated with 3 poisons* 
which secretes a venom which is introduced into the wound made by the bite. 


There are various ray* which are well known ail over the world as capable of inflicts 
wounds. In the sung rays (Trygonidae) the tail it armed on the upper side with a barbed 
spine which in some species is connected with a poison apparatus. Some of these sting at 
when wounding a person who nwy step on them while wading in the water may at i? 
same time inoculate tetanus bacilli which are parUcularly dangerous because of ® 
character of the dccp-puncturcd wounds In the electric rays (Torpcdmtdae) the dow 
surface is electrically positive and the ventral one negative To receive a shod one 
communicate with the Torpedo species at two distinct points. Some of these electric np 
are capable of temporarily paralyzing the arm of a man. 


Two of the best known poisonous fish are Trachinus draco and Scorp.t» 
scropha. The flesh of these fish is wholesome as food. T. draco is like a trout 
appearance and has blue and brown stripes. It has a grooved spine passing t ou^ 
each of its gill covers which is connected with j poison gland. There is 2 1 ^ 
poison apparatus connected with the dorsal fin. S . scropha is an ugly, s ^ 

large head and prominent fins. The French fishermen call it le diable. c P 
apparatus is connected with the first three rays of the dorsal fin. 


Persons in bathing who stoke against these fins are more apt to be " u e xpc nent« 
fishermen whb handle the fish with caution. After being wounded a per wjr 

stabbing pains in the affected part: A sensation of suffocation follows an ^ at fyn 
become delirious. At times collapse and death result. At the site 0 «u,«aw* 

there is an erythematous area which later becomes black and may } oca j « t it 

As the poison rapidly enters the general circulation, repeat ™ danseious during & 
ment of a snake bite is called for. These fish seem to b 

spawmngpcnod. , . R . nWO) to frcq*“[ 

S phtmert, the bon or scorpion fish, has been report d > i l m „ c ed-covetc<l 
the shoals of the fine bathing beaches in sh * oe by stePP* 

crevices of the coral. Bathers may be .mured by striking syItipW ^ 

on the fish. The poison Injected by the spines °fte» g* iycutdis. toatm 

violent porn computable to renal cohe. siveating, pallor, 
diarrhea, and often later a rash. 
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The only two important animal parasites with which the eating of fish is con- 
nected arc: (1) Diphyllobothnum latum and (2) Clonorchis sinensis. The broad 
Russian tapeworm is a rather common parasite of man in the Baltic provinces and 
comes from eating insufficiently salted pike and other fish infected with this larval 
tapeworm The liver-fluke disease of China and Japan is caused by eating various 
raw or insufficiently cooked fresh-water fish These fish arc the secondary inter- 
mediate hosts, the primary ones being moliusks A very small fluke of Japan, 
Metagontmus yol^ogawat, is transmitted by the ingestion of certain goldfish. 


Moliusks and Disease 

The importance of disease transmission by snails has been taken up under the 
helminthic infections caused by flukes. 

Oysters. There are more than 100 species of true oysters (Ostrea), exclusive of various 
allied forms, such as the pearl oyster or the window-pane oyster Oysters belong to the 
class Lamellibranchia and the two roost important edible species are 0 eJuhs, the Euro- 
pean oyster, and O urgtntca, the Americo-Canadian one The question often arises as to 
the edibility of oysters which are green m color This color is considered desirable in 
certain European countries, and is produced so France by feeding the oysters a diatom, 
Navtcula ostreana The green pigment is present in the gills and palps Such greening 
may be natural Sometimes there is a green color in ihe body of the oyster due to copper 

It is probable that the only ground for considering a sound oyster as capable of 
causing food poisoning is from its effect on individuals with an idiosyncrasy to 
shellfish — and such idiosyncrasy seems not uncommon. 

Typhoid Fever and Ovsters There have been numerous outbreaks of typhoid 
fever in both ihe United Stales and England for which the eating of contaminated 
oysters was responsible. Oysters may be contaminated when growing in sewage- 
comaroinatcd beds, but in the studies of typhoid infection from eating raw oysters 
ihe blame has been placed on polluted water used for floating oysters. If the water 
in which the oysters are placed for storage (floating) is pure, such a process 
nukes the oyster safer At present, floating in chlorinated sea water is of particu- 
lar sanitary advantage Outbreaks of typhoid fever, as for instance that of the 
New York epidemic of 1924-1925, when more than 10Q deaths from typhoid 
fever were recorded, have led to official regulation, in uncontaminated salt water, 
studies have shown that the oyster gets rid of the typhoid organism in from two 
to three weeks. 

Mussels. These also belong to the class Lamellibranchia Mussels arc widely dis- 
tributed, and m Europe form an important article of food (the edible muircf, Mytilstf 
eJtibt) They seem to thrive better in saline waters which have a somewhat lesser salt 
content than sea water Fresh-water mussels have an economic value in the use of their 
shells for button making besides ill effects related to idiosyncrasy, we may have poisoning 
leading to paralvui or even death fn California (1927), there were reported 102 cases 
of inutscl poisoning with si* deaths The symptoms developed m 10 to 20 minutes after 
tngcituin The toxin seems to be thermouable and u absent except during the spawning 
teamsi (June through September) 
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Poisonous Coelentecates 

The phylum Coelenterata includes animals of very simple structure, only lit 
sponges and protozoa having a more lowly type. It is customary to distinguish t»o 
morphologic types of coelemerates, the polyp and the med usa. 

Polyps. The best example of a polyp is a sea anemone- 

Quite interesting in the study of immunity is the constant association of an annwat 
with certain hermit crabs. The anemone covers the soft rail-end of the era b, tfw> pra- 
tcctmg the crab from attacks by its enemies. The mouths of the two animals are m c!w 
juxtaposition so that the food of the crab is shared with the anemone This crab aquas 
an immunity to the poison of the anemone, probably as the result of frequent mgwsa 
of fragments of anemone. Other crabs arc very sensitive to the anemone poison, sutfenrj 
paralysis and death. The poison of certain anemones may even harm other anemones. 


A condition known as “la maladie des plongeurs” occurs among the spoaft 
fishermen of the Mediterranean. This is due to stinging by anemones ami » 
characterized by marked itching, burning, and erythema. In some cases the sU 
of the affected area becomes necrotic and sloughs off leaving an ulcer. 


Levin and Behrman (19-11) m the West Indies have described a dermatitis fausnH'J , 
the coral polyp of the genus Actinia Species of the genus Ahtmton and Hdtinopol)^ 
may cause nausea and vomiting in addition to local lesions. Applications of vinegar » 
olive oil have been recommended for the local symptoms. j 

Jellyfish (Medusa). This umbrella-hke coelenterate has tentacles which hang j 
down from the margin of the organism. 


As a rule jellyfish are harmless but certain species produce unpleasant or «ien sc^ 
effects by their sung. Lesions following contact with unspecified ‘ jellyfish a'c 
reported by Allen •'*•* Sfrwart (1922). The local rash in Allens aic K . 

lowed by profuse i ■ . ’ -- for four 

Aoki (1922, 1923) ■ • . 

formora — shock, acute cardiac distress, dyspnea, uww. t 
emaciation 


In the Mediterranean a jellyfish Rhtxostoma pulini produces « cm f .j jy, 
carial eruptions as the result of its sung- In many parts of t c rop^ ^ wcJj£ 
are found which give rise to quite serious symptoms. In the i 'PP " ^ ^ o0e 
certain species of jellyfish which cause serious illness, at oug cJ ^ 
experiences no discomfort from coming in contact with many a c 
swimming in the waters of that part of the world. 

According to Light, the species of DacnhmM, called “fosfMo J’f 2 ) slrlidd 
most dangerous one there encountered It has long nbbon- 1 lotteries *° tf,; : ' J 

white, marginal tentacles. In this the sting ; “ ■ l " a ‘ c, , cd •■ bo tema," » » ( 

l00g <-*- called 

'.t:: . ■ 

the symptoms ranged from a nu v., 
tract and other general symptoms. 
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Old has described these symptoms very accurately and notes the following: 

The symptoms appear in from JO to 60 minutes with marked hysterical mani- 
festations, incessant cough, and coryzai signs. Light believes that the cases de- 
scribed by Old were due to stinging by Dactylomcua. 

Wade describes his own experience with a icllyfish sting while swimming in Manila 
Bay* The tentacles became wrapped about the upper arm and stinging was instantaneous 
as the tentacle* did not cling. The poison did not reach the conjunct!! a or other mucous 
membranes There was at once a sensation of burning in the area of contact, but it was 15 
mttiutcs before other symptoms appeared There was pain m the loins and also in the 
scrotum This war followed by a ronous restlessness and weakness, then a sense of 
constriction in the throat, with chest discomfort and then coryza and lacrimation. The 
symptoms abated and within an hour there only remained weakness and soreness of the 
bronchi A vesicular dermatitis appeared on the arm and the traces of the sting had not 
disappeared after two or three weeks Other cases have been reported associated with 
feeble heart action and semiconscious states There is always to be considered the pos- 
sibility of one's drowning when in the emotional or semiconscious state Wade de- 
scribes a death tn a robust Filipino who was stung on the leg His companions were 
only a few yards away, but by the time they had reached him he had collapsed and 
was gasping and livid, and was dead a few moments Sattr. Jt was at first thought he 
had been bitten by a sea snake but there was no mark on the leg, except conspicuous 
purplish discoloration On autopsy, status lymphaticus with persistent thymus, acute con- 
gestion of the viscera, and edema of the lungs were demonstrated. 

The Portuguese man-of-war (Physaha) has fong locomotive tentacles which stretch 
out 30 to 50 feet as the animal is blown along by its pearly purple-crested Madder-like 
float or sail The thread cells are capable of inflicting rather p3tnful stings when handled 
without a knowledge of the effect of coming in contact with these thread cells 
Along the toast of eastern Florida great swarms of a small, very dark brown Medusa 
occasionally appear near the shore (Unuche un^uiculaia, formerly better known as Liner- 
£•<•/) They are to abundant that very scicre stinging occasionally occurs The ij tnptoms 
arc similar tw thovc described abov c 
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CHAPTER 30 


Diagnosis of Infections of the Ocular Region 


Collection of Material. The skin about the inner canthus should he cleansed 
with sterile salt solution. A drop of exudate may be extruded by gentle pressure on 
the lids, or the lower lid may be everted. A sterile, small, cotton toothpick swab 
may be used, first for inoculating media and also for making smears. If exudate 
is abundant a rubber-bulb capillary pipet, the tip of which has been flame-polished, 
is convenient for securing a few drops of material. If exudate is scanty a few 
drops of sterile broth may be instilled into the conjunctival sac, and a little re- 
moved for culture. Blood agar plates should be used, or suitable special media if 
some specific organism is suspected. 

Bacterial Infections. The xerosis bacillus and the Micrococcus {Staphylococcus) albus 
mav be considered normal findings in the conjunctival sac, although the latter may be 
the cause of a phlyctenular conjunctivitis. Streptococci may cause inflammation of the 
nasal duct or a pseudomembranous conjunctivitis 
The diphtheria bacillus, which morphologically resembles the xerosis bacillus, may 
cause a pseudomembranous conjunctivitis Great caution should be used in ascribing 
pathologic significance to the xerosis bacillus 

Pneumococci arc fairly common as a cause of conjunctivitis, dacrocystitis, and even 
panophthalmitis after trauma or operations, especially for cataract. They may also cause 
serpiginous ulcerations of the cornea, paruculatly if the epithelium has been injured. 
These infections arc serious and require prompt treatment 

Hemophilus conjimctivitidts (Koch-Wtchs bacillus) causes a very acute and highly 
contagious form of conjunctivitis ("pinkeye”) It is a Gram negative small bacillus, 
usually intracellular, identical morphologically with the influenza bacillus. 

The gonococcus is a common cause of acute severe conjuncuvibs, both in the new- 
born and in adults with ordinary infection, but is rarely seen in young girls with 
vulvovaginitis The organisms can be recognized as a rule in Gram stained films, from 
their morphology and intracellular location The secretion is usually abundant and there 
arc usually no contaminating organisms Gonococci must be differentiated from Neisseria 
catarr halts, which may be present m the conjunctiva but rarely causes much inflammatory 
reaction Gonorrhea, long after the acute urethritis, may cause an iritis in men (rarely in 
women) 

The meningococcus may cause a severe conjunctivitis or panophthalmitis, usually in 
the course of a cerebrospinal meningitis 

The Morax-Axcnfeld bacillus may cause a conjunctivitis which is commonly chronic, 
dry," and most marked about the inner canthus The organisms occur in pair* or 
short chains, usually extracellular or occasionally wuhin phagocytes. They resemble the 
1 ncdlandcr bacillus but do not Have capsules 
Ihc I'ncdlandcr bacillus may cause a conjunctivitis or dacrocy stitis, and is occasionally 
found in atrophic rhinitis when the nasal ducts are involved. 

The pyocyancus bacillus may cause a severe purulent keratitis at well as a conjunctivitis 
Ihc pyucyaneus toxin scans to be a factor in the production of the lesions 
731 
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EXAMINATIONS OF BODY FLUIDS AND ORGANS 

In leprosy there may be conjunctival and corneal ulcerations. The bacilli are usually 
abundant in the discharge. In tuberculous lesions of the conjunctiva or lacrimal sat, 
organisms are usually sparse and animal inoculations or cultures may be necessary to 
demonstrate them. 

Past eur ell a tularensts may cause an ulcerative conjunctivitis with lymphadenitis of the 
cervical glands, fever, and other manifestations of systemic infection. 

Iritis and iridocyclitis are most often attributed to a focal infection, but a syphilitic 
origin must be considered. 

Choroidoretinitis, mem's, and other inflammatory lesions are frequently associated with 
a strongly positive tuberculin reaction and are attributed by some to an allergic reaction 
to products liberated from tuberculous lesions in other organs. 

In keratomycosis the cause has been ascribed to Aspergillus fumigatus. 

Trachoma is now known to be due to a fiitrable virus related to psittacosis. The 
trachoma bodies are a type of intracellular inclusion body 

Epidemic keratoconjunctivitis, a moderately contagious disease characterized by the 
development of punctate opaque spots in the cornea, is due to a filtrablc virus. 

A conjunctival irritation may be allergic in origin, and in such cases the smear from 
the secretion often shows the presence of eosinophils. 

Animal Parasites. The larval form of Taenia solium ( Cystieercus cellulosae) has a pre- 
dilection for eye as well as brain It is usually situated beneath the retina. 

Echinococcus cysts have been reported in the orbit. 

The adult Loa loa tends at times to appear under the conjunctiva or in the sub- 
cutaneous tissue of the eyelids. 

The larvae of Onchocerca volvulus may be present (in chronic cases) m the coma 
and other tissues of the eye, causing a characteristic punctate keratitis, intis, and eventu- 
ally blindness. 

Fly larvae have been reported from the conjunctival sacs in the helpless sick, species 
of larval sarcophagids having been reported as invading the conjunctival region u 
purulent ophthalmias. 

Demodex may cause an obstinate blepharitis. 



CHAPTER 31 


Diagnosis of Infections of the Mouth and Pharynx 
ind of the Nose and Ear 


Mouth and Pharynx 

Normally the mouth and pharynx contain enormous numbers of bacteria of 
many kinds and frequently various protozoa and fungi Many of these organisms 
are harmless saprophytes, some arc potential pathogens, and sometimes virulent 
bacteria are harbored which the individual can resist sufficiently to prevent the 
development of clinical infection, but which may cause disease in others. 

Bactertologic studies of infections in this region are, therefore, difficult, and 
their interpretation requires considerable experience. Doubtless some of the 
pathogenic organisms present are in a dissociated phase, and their significance 
will be better understood when more is known about the variability of different 
species. 

In certain conditions, however, bacteriologic studies are of value. 

Staphylococci (aureus and albus), streptococci of different types, diphtheroid bacilli, 
pneumococci, saremae, colon and other Gram-negative bacilli are commonly found. 
The Fncdlander bacillus, protcus, Neisseria caiarrhahs, leptothrix, and various yeasts and 
molds occur Spirilla and spirochcies arc almost constantly present In addition various 
organisms occur which have not yet been carefully studied and classified 
Material i« obtained with a sterile, cotton-tipped wire or wood applicator Sterile 
forceps may be convenient for obtaining particles of membrane For making smears from 
around the gingival margins a sterile toothpick is useful Antiseptic gargles or mouth 
washes should nor be used for several hours before taking a culture 

Diphtheria. In individuals with clinical diphtheria the diphtheria bacilli are 
usually so abundant and unmistakable morphologically that their demonstration 
by culture and smear is practically diagnostic. Cultures should be made on 
I-oeificr's medium, and a direct smear from the lesion should be stained and ex- 
amined at once (sec p. 93). Diphtheroid bacilli, which are almost always present 
m the normal throat, can usually be differentiated morphologically. Virulence 
tests may be necessary for a definite diagnosis. 

Streptococcus Sore Throat. Smears from the inflamed area usually show large numbers 
of streptococci Cultures should be made by streaking a blood agar plate on which 
hemolytic streptococci are easily distinguished from other types If hcmolyuc streptococci 
arc present in large number* the culture has diagnostic value. Hemolytic streptococci 
are alio constantly present in the angina of scarlet fever However, they arc present in 
smaller numbers in about 10 per tent of normal individuals, and the interpretation of 
their presence in small numbers is difficult. 


m 
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examinations of body fluids and organs 

Vincent s Infections. Ulcerative lesions of the mucous membranes associated 
with the fusiform bacilli and spirochetes described by Vincent contain enormous 
numbers of these organisms, which can be demonstrated readily in smears (see 
p. 157). In making these smears it is important to obtain material from the depths 
or margins of the ulcer. Being anaerobic organisms, they ai'c more numerous under 
the membrane. If only a few arc found, one should be skeptical about their 
ctiologic significance, for they arc commonly present in the normal mouth, espe- 
cially around the teeth. Although it is possible to obtain cultures by special 
methods, this procedure is not feasible for diagnosis. 


The bactcnologtc diagnosis of atypical streptococcus and Vincent’s infections is not 
always simple. Diphtheria ulcerations may be secondarily infected with these organisms 
Since the treatment of these conditions is entirely different, all of these organisms should 
be searched for, and considerable judgment and clinical knowledge is necessary in inter- 
preting the bactcnologic findings. In addition, streptococci, or fusiform bacilli and 
spirochetes, may be found in lesions of the mucous membrane that are due to other 
causes, such as carcinoma, leukemia, and agranulocytic angina. A blood examination may 
be necessary to exclude these conditions. 

Syphilitic Ulcers. In syphilitic ulcers the Treponema pallidum may be demonstrated 
by daxhficld illumination, but the presence of morphologically similar spirochetes in 
the normal mouth makes this procedure useless for diagnosis. The Treponema pallidum 
does not stain by the ordinary methylene blue or carbolfuchsin stains which sene to 
demonstrate the spirochetes of Vincent 

Tonsillitis. Tonsillitis may be caused by different species of bacteria. Staphylococci, 
streptococci, and occasionally influenza bacilli may cause severe inflammation. Aside front 
acute infections the tonsils may chronically harbor organisms in the depths of the crypts 
and in their substance, tn which ease they may act as a focus of infection Tubercle bacilli 
have been found in sections of diseased tonsils. 

Epidemic Meningitis. Meningococci arc found in the nasopharynx m pa- 
tients with epidemic meningitis, and in many contacts. In addition an apprecia e 
number of normal individuals have been shown to be chronic carriers. For t e 
demonstration, cultures should be taken from behind and above the soft pa ate 
with a bent wire swab, and the material should be immediately inoculate 
blood or serum agar and quickly put in the thermostat. 


Fungus Infections. The thrush fungus, Candida albicans (Mom/ta aM/nr//r)^auS 
development of firm, hard, creamy white fetches on the mucous membrane. 
may be easily demonstrated by mounting r a bit of the membrane in 10 p« ente j 
hydrate, or by crushing and staining bj -Gram’s method. The hiamen attached 

and branching, and round or oval spor; S are seen between the h air i a b out 

to them jn short budding chains. Other monilia may be found in sp 
the tongue or buccal mucosa, and also mrbe feces. - « v Wnis in 

Actinomycosis may develop about a carious tooth, and the finding 
the yellow granules from die pus establishes the diagnosis- h Ett j. 

Animal Parasites. Amebae and flagellates have been reporte Reeled teeth 

amoeba ginghahr (E buccahs) is frequently obtained from wipings ^ Ia 

or in the contents of root abscesses. At present it is regarded a d 
remarkable disease “halzoun,” flukes have been found to be th hue to 

Roundworms iAscanf) may be vomited up and, lodging in the phary 
be extracted. 
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INFECTIONS OF MOUTH, PHARYNX, NOSE, AND EAR 

In the Mediterranean basin the leech, Ltmnatit mlotica, may gam access to the upper 
pharynx, through drinking water from springs and pools, and attach itself to the mucous 
membrane of the nasal and buccal cavities. 


Nose 

Material from the nasal cavities may be obtained for bactenologic examination 
by washing about the alae with sterile water, then having the patient blow his nose 
on a piece of sterile gauze and taking the material for culture or smear from 
this. If the material is purulent and located at some ulcerating spot, or if a sinusitis 
is suspected, it is best to use a speculum, and either touch the spot or the orifice 
of the sinus with a sterile swab or use a capillary-bulb pipet with a slight bend at 
the end. 

In general, the bacteria found in the nose are like those in the throat. Normally 
one finds chiefly white staphylococcus colonies and colonies of short-chain strep- 
tococci Neitxeria catairhalis, occasionally G. tetragena, the xerosis bacillus, and 
Hoffmann's bacillus, Corynebacterium pseudodiphtheriticum. 

The meningococcus, H influenzae (Pfeiffer), and the pneumococcus have also been 
frequently found in cultures from the nasal secretions 
In some cases of atrophic rhinitis an organism of the Fricdlander type may be obtained 
in pure culture 

Diphtheria involving the nasal cavity must always be kept in mind, and in quarantine 
investigations the examinations of the nasal secretions culturally should be a part of the 
routine 

The tubercle bacillus may be found in nasal ulcerations, it is, however, present only in 
exceedingly small numbers. On the other hand, one of the best diagnostic procedures 
in leprosy is to examine repeatedly smears from nasal mucous membranes for the M 
leprae In such ulcerations the bacilli are found in the greatest profusion Rarely glanders 
may cause ulcerations 

Proteus vidgans is frequently responsible for the production of foul odors m nasal 
discharges but does not seem to produce inflammatory conditions of the nasal mucosa It 
simply decomposes the discharges Various fungi have been reported from the nose, but 
m such a region the strictest conservatism w interpretation should be observed The 
spores and mature sporangia of the fungus Rhinospondium may be found in the nasal 
mucus m cases of this infection. 

So many degenerative changes in epithelial cells resemble protozoal forms that such 
findings require ample confirmation 

The larval form of U n guatula serrata is a rare parasite of the nasal caviues, it is not 
infrequent, however, in the nostrils of dogs 

Various fly larvae arc far more common, and the “screw worm,” the larva of the 
C ochltomy la amencana, is common m certain parts of tropical America, and may cause 
death by the effects of its burrowing 

The larvae of Sarcophaga have in particular been found in the nasal cavities of chil- 
dren Myriapods, while of scry little importance elsewhere, have been reported more 
than 30 times from the nasal fossae 


Ear 

The middle car is normally free of bacteria, but in affections of the throat, as 
with streptococci, pneumococci, and diphtheria bacilli these organisms may in* 
tect it by way of the Eustachian tube. 
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EXAMINATIONS OF BODY FLUIDS AND ORGANS 

Otitis Media and Mastoiditis. In a study of the bacteriology of otitis media 
in 277 eases, Libman and CcJlcr found streptococci present alone in 81 per cent, 
Streptococcus mucosas in 10 per cent and pneumococci in 8 per cent; staphylococci 
and Pyocyancus and Proteus bacilli have also been found. Mixed infections are 
common. A streptococcus of the hemolytic group is a frequent cause of mastoid 
infections and of sinus thrombosis and brain abscess. 

The influenza bacillus of Pfeiffer, nonvirulcnt diphtheroid bacilli, the meningococcus, 
the typhoid bacillus, E. colt, N. catarrhalis, G. tetragena, and the Friedlander bacillus have 
been cultivated from discliarges from the middle car and mastoid. 

Affections of External Auditory Canal. The molds are of greater importance in af- 
fections of the external auditory canal than the bacteria. The cerumen seems to mate a 
good culture medium so that various species of Aspergillus, Mucor, etc., develop and 
may obstruct the canal. These infections are often introduced by the patient’s huger. 
Various mites and fly larvae have been reported from the car. 

Aural Myiases. The “screw worm,” the larva of Cochliomyta amcricana, is the most 
common cause of aural myiasis in tropical America. The fly deposits its eggs about 
aural and nasal cavities of those with offensive discharges. The larvae gain entrance to 
the cavities of the head and develop, causing intense pain and giddiness, Larvae of 
Sarcophaga, Colltphora, and AntAoniyia have also been reported from the external 
auditory meatus. The tympanic membrane may be perforated by them. 



CHAPTER 32 


Examination of Sputum 


In the collection of sputum foe examination great care must be taken that the 
material is actually coughed up from the bronchi or lungs Secretions from the 
mouth or nasopharynx are worthless for examination. Sputum should be ob- 
tained if possible in the early morning, just after awakening, and the patient 
should 6c instructed to sate only what is raised from the chest, ft is desirable to 
have the patient clean the mouth thoroughly before obtaining the specimen. Ma- 
terial from the mouth and pharynx can usually he recognized by its appearance, 
and by the presence of mosaic-like groups of flat epithelial cells. Material from the 
bronchi or lungs is cither frothy mucus or mucopurulent material, and may con- 
tain alveolar cells as well as pus cells. 

Macroscopic Examination. The gross appearance of the sputum is of importance Large 
amounts may be expectorated constantly in bronchiectasis, or in tuberculosis with cavity 
formauon A large amount appearing suddenly suggests rupture of an abscess of the 
lung, pleura, or liver A sudden profuse expectoration of frothy, serous material, which 
may be pinkish, salmon-colored, or frankly blood-tmged, suggests an acute pulmonary 
edema that demands immediate treatment 

The color may be while, yellowish, or greenish, depending in part upon the amount of 
pus present. Brtght-grccn sputa occur m resolving pneumonia and in jaundice The rusty 
sputum of pneumonia is famihar to c very one bright blood suggests tuberculosis, but 
may occur in carcinoma, bronchiectasis, abscess, and other conditions. Bleeding in the 
mouth nr nasopharynx may simulate hemoptysis 

Ordinarily the sputum is odorless, bur in bronchiectasis, cavities, abscess, and gangrene, 
and in fusospirochetosis the odor may be very foul 

Dittrich's plugs arc caseous yellowish or gray plugs formed m the bronchi m bronchi- 
ectasis or putrid bronchitis They base a very foul odor when crushed. Occasionally 
fibrinous casts of the smaller bronchi may be coughed up in pneumonia or in fibrinous 
bronchi us. 

Curschmann's spirals may be seen as whitish, curled threads, which, under the low- 
jHiwer objective of the microscope, appear as central threads surrounded by coils of fine 
fibrils They occur chiefly in bronchial asthma. 

Microscopic Examination. The examination of an unstained preparation is of great value 
although often neglected Small purulent or cheesy pjrticles are selected and flattened 
our in a thin layer under a coicrglast These are examined for clastic tissue, heart- 
failure cells, fungi, amebae, and ova of amr al parasites The addition of 10 per cent 
sodium hydrate to the preparation faci'iutcs the examination for clastic tissue and 
fungi 

/ hstic fibert arc highly refraetde, wavy fibrils of uniform diameter, often split or 
(rayed at the ends Unless they show an alveolar arrangement one cannot be certain that 
they have not come from the food They occur in destructive diseases cf the lung* such 
as advanced tuberculosis, abscess, and gangrene. 

73 7 
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EXAMINATIONS OF BODY FLUIDS AND ORGANS 


f{eart-jat(ure cells arc large mononuclear cells, possibly endothelial leukocytes, filled 
with brownish or yellowish granules of blood pigment. The nucleus is usually ecccntne 
but may be obscured by the pigment granges. They occur in chronic passive congestion 
ot the lung, associated most frequently with mitral stenosis, and also following any tree 
of hemorrhage into the lung Similar cells filled with blackish granules occur m indnii 
exposed to a dusty atmosphere Myelin globules also occur in such cells, but they have 
no special significance. 


Chtreat-Uyden crystals arc frequently present in bronchial asthma, often adhering to 
the Curschmann’s spirals. They are colorless, thin, pointed, hexagonal crystals. They are 
present tn conditions in which eosinophils occur, and there seems to be some assocutm 
between them. They arc often found in paragonimiasis, and in the pus of amebic ab- 
scesses^ discharging through the lungs. Other crystals may occur' — fatty-acid crystals 
(especially In Dittrich’s plugs), hcmatoidin, cholesterol. 

Fungi Actinomyces (ray fungus) is found in actinomycosis of the lung. The jelknv 
‘'sulfur” granules can usually be seen with the naked eye, and under the low power 
objective of the microscope appear as finely granular bodies. After crushing under a 
covcrglass and examining with the high power lens, the masses of mycelial threads ar- 
ranged radially around the edges ami ending in characteristic bulbous tips can be seen. 
Aspergillus } unit gat us may rarely cause a pulmonary mycosis resembling tuberculosis, but 
is also found as a contaminant in old sputum specimens. These organisms may he 
recognized by their stcrigmata carrying chains of spores. Streplothrix infections of the 
lung occur The organisms have long, branching filamentous forms with small swollen 
buds at the ends resembling spores Blastomyces causes a fatal infection. Blastomjcetes 
arc round or oval, doubly contoured, refractile, jeastJihe cells which show budding Jn 
cultures hyphae are formed, but in the tissues only budding forms are present. Comdm- 
des wwii/is may be found in the sputum of patients with pulmonary lesions as a 
spherical body about 30(i m diameter , with a highly refractile cell wall enclosing many 
small endospores It never shows budding or hjpha formation in the sputum. Months 
occur as contaminants, but may also cause pulmonary disease. Both yeast forms an 
mycelial filaments are found in the sputum. Spores are formed at the tips of the ro>ct J 
and at the mycelial nodes. , 

These fungi are di<cusscd tn detail in the section on fungi. Their presence in 
sputum should be confirmed by repeated examination of fresh specimens beforcctio ogic 
significance is attached to them, since many fungi occur as contaminants. cy c 
also be seen in stained films, but their structure is better brought out in t e fres . 
arations Cultures from the sputum can be made on Sabourauds medium or 
identification, but it is often difficult to obtain pure cultures . . 

Stained Smears For the study of the cells of the sputum one can use one o 
Romanowsky stains, or hematoxylin and cosin. The eosinophils which are s 
tcnstic of bronchial asthma are well brought out. In sputum from cancer 0 
clusters of unusual cells may be found. 


Examination for Tubercle Bacilli. To make smears for staining, ■ *P 
should be poured into a Petri dish which is placed over a dark bac oa 

cral suspicious particles arc picked out with forceps or loot strCa ks are 

slides. Small, opaque, grayish or yellowish cheesy masses, or P ' ^ aIcoho! 

selected. These are dried and fixed with heat and then a to > « 

As a routine measure, sputum should be stained by the 1 
by Gram’s method. „.,,,nce of mberculo*’ 

The finding of acd-hst bacilli is good evidence o P ^ ^ sputoot 
since nonpathogemc acid.fast organisms do not ontannly 
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concentration methods- When the number of tubercle bacilli in the sputum is relatively 
small they may be demonstrated more easily by one of the various concentration meth- 
ods (see p 82) If sputum is abundant and bacilli are not found, the total quantity 
should be collected for 24 to 72 hours and examined after concentration. If a suitable 
specimen of sputum is not obtained, the fasting stomach washings should be examined 
in a similar manner. 

Without the use of concentration procedures, cultures, or guinea-pig inoculation, 
negative findings are entirely inconclusive. 

Spirochetes and Fusiform Bacilli. These organisms may be demonstrated in 
stained films, or by darkfield illumination Before obtaining the sputum it is de- 
sirable that the mouth and teeth be thoroughly cleansed to avoid as much as 
possible contamination from this source. The sputum must be examined when 
perfectly fresh since the spirochetes disintegrate rapidly on standing Special 
spirochete stains are not necessary, since the organisms stain well with carboi- 
fuchsin 1 5, heated gently over a flame for a few minutes, or with Loefflcr’s 
methylene blue for 5 to 10 minutes. The characteristic fusiform bacilli st3in easily 
with any method. In fusospirochetal infections they are constantly present in large 
numbers. If only a few organisms are found, one should be cautious in their in- 
terpretation, since they arc frequently present in the mouth. Other organisms, 
especially (aerobic and anaerobic) streptococci, are commonly found with them, 
and their pathogenicity alone is questioned. 

Pneumococci. Pneumococci are best demonstrated by a Gram stain In sputum from 
patients with lobar pneumonia they are often present in large numbers, and when sur- 
rounded by a definite capsule their presence may be considered significant Methods 
for t)ping them from the sputum are given in the section on the pneumococcus How- 
ever, pneumococci occur often ui sputum from conditions other than pneumonia, and 
are frequently present in the normal mouth. 

Other Organisms For the demonstration of other common organisms in stained 
preparations it is desirable to wash the sputum if possible before maljng the films, as in 
making sputum cultures, in order to lessen the number of contaminating bacteria from 
the mouth. Even in such a preparation the presence of some organism is significant only 
if it occurs in great preponderance. Such organisms as the streptococcus, pneumococcus, 
influenza bacillus, staphylococcus, Fnedlander bacillus, and N catarrhalts may be recog- 
nized in a Gram Main, or preferably by culture They are found in a variety of inflam- 
matory conditions in the bronchi and lungs, sometimes as the ctiologic agent, and at 
other times as secondary invaders. These organisms, together with various saprophytic 
bacteria, are often present in tuberculous lesions, especially cavities. Their significance, 
therefore, can only be interpreted by considering the clinical aspects of the case. 

Sputum Cultures. A tenacious, mucopurulent mass is selected, and placed in a 
dish of sterile salt solution in which it is gently agitated. This process is repeated 
in as many changes of salt solution as its consistency ffcrnuts. The particle is then 
placed at one side of a blood agar plate, and thoroughly broken up with a 
platinum loop. The surface of the plate is then streaked over with the loop or a 
bent platinum wire. If the sputum could not be thoroughly washed or if organisms 
arc numerous, a second plate should be streaked without recharging the wire in 
order to obtain discrete colonies. In this way a practically pure culture may some- 
times be obtained. 
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EXAMINATIONS OF BODY FLUIDS AND ORGANS 


Cultures of H pcrnuA are obtained more read.ly by holding an open ,d, K „f 4c 
Bordet-Gengou med.um about 4 inches m from o£ the mouth oS a patient uith -Wa r 
cough during a paroxysm of coughing. The organism may be obtained in this wav in a 
Jarge percentage of cases in the early stages. 

For culturing the tubercle bacillus a special technic is necessary. After digestion fy 
Hanks method (see p. &2) or some similar procedure, and neutralization, the sediment 
is inoculated on an egg-yolk medium or some other special medium (sec p. 347). 

The blood-stained, watery sputum of plague pneumonia should be cultured on plates 
of plain agar and on 3 per cent salt agar at the same time. An ordinary smear stained 
with carbol thionin, however, practically enables one to establish a diagnosis. A guinea 
pig should be inoculated cutaneously. 

Fungi should be cultured on Sabouraud media as described in the section on fungi 

Animal Inoculation. The inoculation of a mouse at the root of the tail or intra- 
peri tone ally is a useful method for isolating pneumococci from the sputum Pure cul- 
tures can usually be obtained from the heart’s blood, and an emulsion of the peritoneal 
exudate can be used for typing. The details of this procedure are given in the section 
on the pneumococcus. 

For the demonstration of tubercle bacilli, contaminating bacteria should be lulled 
by one of the digestion methods. The pig is injected subcutaneously in the groin and 
watched for from three to six weeks. The characteristic lesions are described in the sec- 
tion on the tubercle bacillus 

Guinea pigs may be infected with plague bacilli by simply rubbing the infected ma- 
terial on the shaven skin. 

Rivers (1935) reports the production of characteristic intracellular bodies in the 
spleens of mice injected with psittacosis sputum either filtered, or unfiltered if no 
t pneumococci or streptococci are present Intranasal inoculation of mice, hamsters, or 
cotton rats may be used for isolation of many of the respiratory viruses. 

Vaccines. The value of vaccine therapy in the acute respiratory infections is dubious, 
but in chronic infections, especially in chronic bronchitis associated with asthma, au- 
togenous vaccines sometimes seem to be of benefit. 

The organisms most frequently obtained from the sputum m these cases are die strep- 
tococcus (vindans or hemolyticus), the pneumococcus (rarely one of the fixed tjpes),aD 
the influenza bacillus. Other varieties mentioned above are less commonly present 
preparing a vaccine, smears and cultures must be examined with great care to determine 
the predominant type of organisms. If more than one pathogenic species is present i 
the culture in large numbers a mixed vaccine can be used. IntracutaneouS *** 
hypcrsensiliveness to the vaccine are sometimes used to determine t c pa 
significance of the organism. 

Animal Parasites. Amebae from a liver abscess rupturing into the fang 
be found. Pulmonary infection with Paiagontmus tin gen is very important, 
js recognized by the presence of operculated eggs in the sputum. 

Hydatid cysts, either of the lung, or of the liver rupturing^ ,f from 

recognized by the presence of Echinococcus hooklcts. The materia 
the liver Dutcher has reported filarial embryos from sputum Jn spu tum 

The larval forms of hookworms, Strongylotdec and A scans nav diagnosis 

at time of migration, but examination for these is not prac c 
procedure. 
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Examination of Pus 


Pus may be collected for examination either (1) with a platinum loop, (2) 
with a sterile swab, (3) with a bactenologic pipet or (4) with a hypodermic 
syringe. 

It is always well to make a smear and stain it by Gram’s method at the same 
time that cultures arc made. The Gram stain gives information as to the abundance 
of ojganisms in the pus and as to the probable findings in the culture. Pneumococci 
and streptococci are differentiated from the staphylococci in this way without the 
necessity of extended cultural methods 

The hypodermic syringe is very useful in puncturing buboes, etc., especially in 
plague A small pledget of cotton on a toothpick dipped into pure carbolic acid 
and touched to a spot over the bubo, the escharotic action being arrested with 
alcohol after about 30 seconds, makes a sterile anesthetic spot at which to intro- 
duce the needle of the syringe 

A bactenologic pipet is very useful when pus is to be sent to a laboratory, the tip 
can be sealed in a flame and the cotton plug at the other end insures the noncontamma- 
tion of the contents The material may be drawn up either with the mouth or with a 
rubber bulb. 

Smears from material examined for gonococci may show Gram-negative diplococci 
which, however, may not have the typical morphology of the Gonococcus They are 
furthermore often extracellular. N catarrhahs has been reported from urethral smears 
though very rarely Piphtheroid organisms arc not uncommon. Gram-postuve cocci arc 
rather common in smears from discharges of chronic gonorrhea 
In a study of the aerobic bacteria] flora of war wounds Lawrence found that more 
than SO per cent of the discharges from such wounds showed streptococci, which 
especially flourished in deep pockets, staphylococci replacing them in shallow wounds 
Gram negative bacilli were present in 95 per cent of smears Of these, E coh was present 
in 50 per cent of cases. The combination of aerobes and anaerobes in a wound makes 
conditions more favorable for the anaerobes. Wounds contaminated with fusiform bacilli 
do badly 

The pus from wounds infected with anaerobes is usually very foul The most im- 
portant anaerobe in the discharge from gas gangrene wounds is C! perfnngens 
The pus from the necrotic center of climatic bubo is sterile 

It u remarkable how frequently pure cultures are obtained from abscess material In 
purulent material from abdominal abvccss wc are apt to obtain mixed cultures, especially 
the colon bacillus and pyocyancus bacilli, m addition to ordinary pus organisms 
In examining blood serum or blood agar slants inoculated with purulent material, the 
water of condensation is always examined for streptococci 
When the plague buboes begtn to soften, die plague bacilli may be replaced by ordinary 
put organisms 
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EXAMINATIONS OF BODY FLUIDS AND ORGANS 

Animal inoculation also is often necessary in plague and glanders, and sometimes in 
anthrax. When tetanus is suspected, it should be searched for as described under Tetanus 
Tuberculosis should be identified by inoculating a guinea pig, as well as by acid-fist 
staining and culture, if there is any doubt as to the nature of the material. 

The black or yellow granules of Madura foot, as well as those of actinomycosis, 
should be examined as recommended in the section on fungi. 

Amcbae, coccidia, and larval echinococci may be found in purulent material, as may 
also various other animal parasites, as fly larvae, sarcopsyllae, etc. 

The pus from an amebic abscess of the liver is as a rule sterile when cultured, and 
the examination at the time of operation or exploration frequently shows an absence of 
amebae as well as of bacteria; but two or three days later amebac may be found in ihe 
pus draining from the abscess cavity. 

Flukes, roundworms and whipworms may cause abscesses as a result of their wandering 
from the intestinal lumen. 

Serious ulcerations may follow infection with the guinea worm. 

Abscesses often occur about encysted filarial worms. 
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Skin Infections 


Cultures should be made, as a rule, m the bactenologic examination of lesions of the 
skin The surface should first be washed with soap and water m order to eliminate 
chance organisms from dust or other extraneous sources Scrapings are then made with a 
sterile dull scalpel, and the material obtained is emulsified in a drop of sterile water m a 
Petri dish A tube of melted agar at 42* C. may be poured over the drop and mixed, or 
the material may be spread o\er the surface of an agar plate. About 80 per cent of the 
colonics des eloping will be staphylococci and the greater proportion will be white colonics. 

Occasionally S aureus or S atreur may be isolated. S aureus is the organism usually 
isolated from furuncles, circumscribed abscesses, and carbuncles. Streptococci and colon 
bacilli are rarely found. Streptococci are the organisms to be expected m phlegmonous 
infections Cold abscesses, which arc frequently due to tuberculous infection, as a rule are 
sterile Acne pustules may show staphylococci, the acne bacillus, or both 

Coryncbacsersum acnes (Bacillus asues) is a short, usually pleomorphic bacillus 
about t 5 X 0.5/* in size, which often shows a beaded appearance when stained 
by Gram's method. It is Gram-positive It grows readily on glucose agar when cul- 
tivated anaerobically, and also aerobically on acid media containing blood serum. 
Colonies appear m four eo fixe days. 

The ‘bottle bacillus" (Malanezia oi alls'), which has the morphology of a yeast, is 
regarded as the cause of dry pityriasis capius It may also be found in the comedones of 
children 

In the tropics an organism which is probably a undent strain of Staphylococcus 
aureus at times produces lesions similar to impeugo, at other tunes pemphigoid eruptions 
or wide-spreading erysipelatous candiuons. It has been described under the name of 
Dipbc occur ptmphsgi contagion 

\ta phytococcus epidennidtf, the common cause of stitch abscesses, it considered by 
Sabouraud to be the cause of eczema scborrhoeicum 

In scrapings from the skin of lepromata the 3Cid.fast bacilli are found in the 
greatest profusion. In tuberculosis of the skin the tubercle bacilli arc exceedingly 
scarce Inoculation of a guinea pig usually gnes positive results with the tubercle 
bacillus The leprosy bacillus is nonpathogenic for laboratory animals- 

Anthrax and glanders cause skin lesions which can be surely diagnosed only culturally 
nr In’ animal inoculation. 

Hague bacilli may be isolated from the primary vesicles -spearing at the me of the 
flea bile 

Tropical phagedena is thought by some to be due to a sort of diphtheroid organism 
The organisms of Vincent’s angina may cause tropical ulcer 

In granuloma scncreum in scrapings from the ulccranons on the external genital* and 
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adjacent skin, macrophages containing numerous small bacilli, Dovowma tmuhma, 
may be found (see p. MS). 

The dan diseases due to fungi, which are widely prevalent, are discussed in Chapter 9. 
Animal Parasites. Certain shin diseases, as oriental sore and the cutaneous lesions of 
uta of espundia, arc caused by a Leu ft mania. 

Of the shin eruptions caused by animal parasites, ground itch (dew itch, foot itch) is 
the most important This is a dermatitis caused by die nutation set up by the hookworm 
larvae penetrating the skin of the foot and leg. 

According to Lemaire, 10 species of nematode larvae, other than those parasitic m 
man, may penetrate the shin, setting up a dermatitis. Not being adapted to man they 



Dono i an!a grannlomatit. In a scraping from an ulcer from a case 
of granuloma venereum Tropical Institute, Leiden. (Alter Flu, from 
Rugc, Muhlans, anJ zur Verth ) 


die out without infecting other tissues. One type of such dermatitis is the "creeping 
eruption" caused by larvae of the dog hoohworm. A similar eruption is caused by larvae 
of the bot fly of horses (Gastrophilns). . 

A dermatitis is produced by the penetration of cercariae of Schistosoma into the s in - 
Filarial infections are also important, especially die ulcers of the guinea worm, 
Calabar swellings of Loa loa, the cystic tumors of Onchocerca volvulus and the tariccw 
groin glands and elephantiasis of If', bancroftt. . 'and 

Enterolttus ( Oxyarts ) may cause a severe irritation about the region of the grom a 
inner surfaces of the thigh, and especially about the vulvar region of fema e c ^ 

The larvae of Gnathostoma spmtgerum. a nematode with two Iiphhe structur 
spinehke appendages covering its anterior one-third, have been found m tunie 

Plerocercoid larvae of D/phyllobothriidae have been found in the subcutaneous 


Leeches, as H zeylamca, may cause serious ulceration. 

The Tunga penetrans ( Sarcopsylla penetrans') or jigger (sand flea) is an 


important 


agent in ulcerations about the foot. 
Certain acarines cause shin lesions. 


do also Ac laraae of certain flics (see Cfc> f W 





CHAPTER 35 


Examination of the Cerebrospinal Fluid and of Fluid 
from the Serous Cavities 


Cerebrospinal Fluid 

The average normal volume of cerebrospinal fluid is 100 to 150 ml. The' normal 
cerebrospinal fluid pressure with the patient on his side in the recumbent posi- 
tion is 5 to 12 mm. of mercury or 70 to 160 mm. of water. Cerebrospinal fluid 
pressure above 15 mm. of mercury or 200 mm. of water is considered increased. 
The increase in cerebrospinal fluid pressure may be due to any one of four factors: 
( 1 ) increased rate of secretion. (2) decreased rate of absorption, (3) loss of con- 
tinuity of the subarachnoid space or obstruction of the connecting foramina, or 
(4) increase in brain volume. The rate of secretion is increased in all inflamma- 
tory conditions, and unless the rate of absorption keeps pace with the rate of 
secretion there results an increased volume of cerebrospinal fluid and an increase 
in pressure In acute inflammatory conditions the rate of absorption lags behind 
the rate of secretion, thus producing an increased pressure If there is any block 
or obstruction of the subarachnoid space, the cerebrospinal fluid pressure rises 
cephalad to the block. Increase in cerebrospinal fluid pressure may occur with 
brain tumors or abscesses in certain locations in the brain. 

Lumbar Puncture 

An appropriate intervertebral space, cither the third or fourth lumbar, is selected. 
The overlying skin is anesthetized, an especially sharp, small needle being used for the 
purpose A nonbreakable, sterilized, sharp, short-beveled spinal puncture needle with an 
accurately fitting stylet is selected The spot in the anesthetized area chosen for puncture 
is marked with the thumbnail of the operator’s gloved left hand, then the needle is 
passed gently and slowly but firmly in the nudline and straight in After the skin has 
been pierced, the needle is realigned and die fixed supraspinous ligament is entered. This 
is probably the most important step in a successful puncture, as the direction of the needle 
is »cry difficult to alter after entering this structure. The needle will pass with ease and 
practically no resistance the loose areolar Ussue which is next encountered. The second 
point of resistance will he the ligamentum flavum. Tins ligament produces sense of re- 
sistance and the stylet may be withdrawn at this tunc If no fluid is obtained the stylet is 
reinserted and again the needle is pushed a millimeter or two further where one again 
meets resistance on puncturing the dura. As the needle punctures this 'inelastic mem- 
brane a definite sense of "give way" and palpable “click’’ is felt. The stylet is remosed 
and if the lumen of the needle is in the subarachnoid space, cerebrospinal fluid will be 
obtained If no fluid is obtained the needle is routed a half turn, the stylet is again 
remosed, and observation made for flow of fluid. 

Tim procedure of withdrawing stylet may be performed from time to lime during 
passage «f the needle if one is not certain that the needle point is in the canal The 
manometer should be in readiness and before die stylet is withdrawn completely the 
7-15 
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spinal-fluid pressure reading should be taken. It is best to rotate the needle and to take 
2 sec0 " d . timc as the ,umcn may be partly blocked or only parity 
in the canal. This is espee.ally important m all acutely ill patients and those suspected of 
increased intracranial pressure. In the case of “dry tap” the needle may be rotated, slightly 
withdrawn, or pushed in a little as no flow usually means that the needle point is not 
in the subarachnoid space. 

If one inserts the needle too far the venous plexus on the anterior wall may be cut 
and bloody fluid obtained. If the needle is withdrawn a very short distance this bleeding 
will usually cease after a few milliliters of fluid have been obtained. The second por- 
tion of fluid, if dear, may be sent to the laboratory for examination. 

A “bloody tap” is usually due to trauma to a vessel. As a rule the first portion of fluid 
removed contains more blood than the last. A bloody fluid is practically useless except 
for a Wassermann reaction and for cultures. If the fluid is only slightly blood-tinged, 
however, it may be possible to demonstrate an increase in the cell count by making total 
counts of both red and white cells, and subtracting from the latter the number of 
leukocytes estimated to have been introduced with the blood (1 for each 750 red cells). 
A second diagnostic puncture as a rule should be postponed for 10 days, until the menin- 
geal reaction to the puncture has subsided. 

A fluid uniformly bloody in all fractions usually indicates a subarachnoid hemorrhage, 
or an intracerebral hemorrhage which has ruptured into the ventricles 

The patient should be kept prone in bed for 36 hours after the puncture to lessen the 
tendency to leakage of cerebrospinal fluid into the tissues through the puncture wound 
in the meninges. When the fluid does leak into the tissues an incapacitating headache 
will occur as soon as the patient sits up. 

Caution. Removal of spinal fluid is dangerous in patients with increased tntracramd 
pressure due to brain tumor An ophthalmoscopic examination should be made as a routine 
procedure before every lumbar puncture Any evidence of swelling of the optic discs 
calls for an exhaustive neurologic examination, and if a puncture is done, the fluid 
should be removed very slowly and the procedure stopped at the first indication of 
respiratory disturbance. Lowering a pathologically high pressure is beneficial (at least 
temporarily) in meningitis and in most other conditions. 

The intravenous injection of hypertonic glucose or saline solution will usually pro- 
duce a marked lowering of the cerebrospinal fluid pressure. For this purpose the use o 
. ' ■ - has been found safe and 

. The vein above the point 
in this strength is a scleros- 
ing agent Following the intravenous injection of such a nypertomc solution the cere 
brospinal fluid pressure, after a sharp but very brief rise, falls profoundly for a P 160 ^ 
three to five hours, and the former pressure is not again reached until a ou * 
eight hours later. The venous pressure at first also shows a sharp, su en 
rise, to return to its previous level. The arterial pressure is not notably “ st “| ‘ . w 

Queckenstedt’s Test. This test is valuable in suspected subarachnoi at . 

lateral sinus thrombosis. With a needle in the subarachnoid space an a man ^ 
tached, an assistant compresses both jugulars and the rapidity of the « incrca scd 
observed. In a normal individual the cerebrospinal fluid pressure is P . arS 

Failure to obtain a prompt and rapid rise in pressure on compressio > comprc $- 

indicates a subarachnoid block A similar marked rise in P rcss “ r ^ pos i te side 
sion of one jugular vein only indicates obstruction of the lateral 
(usually thrombosis, rarely an anatomic anomaly). 


Appearance op the Cerebrospinal Flvid 

^inal fluid is crystal clear and colorlci 

sediment of any land. An increase in the cell content 


Normal cerebrospinal fluid is crystal clear and iiilid " Jl 
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proJuce a loss of transparency varying from slight opalescence to gross turbidity de- 
pending upon the number and type of cells present As a rule it takes a larger number of 
lymphocytes (500 or more) than polymorphonuclear leukocytes (200 or more) to produce 
turbidity. The cerebrospinal fluid is usually described as clear, opalescent, turbid, or 
purulent. 

Coagulation. The normal cerebrospinal fluid contains no fibrinogen and therefore it 
does not coagulate Any infectious condition which allows cells and fibrinogen to pass into 
the spina! fluid permits coagulation to take place when the fluid is exposed to the 
atmosphere. A fine, fragile, cobwcb-hkc pellicle suggests tuberculous meningitis, a dump- 
like coagulum suggests a suppurative condition, a fine precipitatc-hke coagulum is often 
seen in syphilis 

Erythrochromemia. This term is used to describe a red or reddish fluid due to blood 
or hemoglobin. If the red color is due to fresh blood, when the fluid is centrifuged the 
supernatant fluid will be clear, and the red cells will be packed in the bottom of the 
tube In old hemorrhage the supernatant fluid is yellow 
Xanthochromia. This term is used to designate a yellowish color due to altered 
hemoglobin m the fluid, with no red blood cells The explanation usually given is that 
the spinal veins have been compressed, and exudation of protein, corpuscles, and plasma 
has taken place The hemoglobin disintegrates giving rise to a yellow color, there is a 
marked increase in protein, and the fluid coagulates spontaneously (Front's syndrome). 
Xanthochromia is not diagnostic of any specific lesion, since tumors of the cord, tuber- 
culous meningitis, extensive adhesions, gumma, or fracture of the spine may obliterate 
the conunuity of the subarachnoid space and produce xanthochromia below the lesion 
The fluid may have a green or gray color in suppurative cases, and in long-conunucd 
jaundice there may be sufficient bilirubin present to give a yellow color. 

Cisterna Puncture 

Position of the Patient. The patient should be recumbent in bed on his right side, 
with the head supported by a pillow of correct thickness to secure alignment of the 
cervical with the thoracic vertebrae The head is flexed as much as possible without 
producing pain or discomfort 

Opcrauve Procedure. Except for children no anesthetic is ordinarily needed A small 
nonbreakable cisternal puncture needle is used The thumb of the left hand is placed on 
the superior occipital protuberance and is caused to slide gently but firmly down the 
back of the neck until it encounters the bony prominence of the spine of the axis. This 
space is then marked with iodine, and the associated anatomuf structures which guide 
in reaching the cistcrna are carefully explored and visually brought into relation with 
each other for use in securing correct alignment and direction of the puncture needle as 
follows 

1 The cervical vertebrae are placed in line with the external occipital protuberance 
and thoracic vertebrae 

2 The head is flexed as much as possible without producing pain or discomfort. 

I The external auditory canal is definitely marked with a tightly rolled pencil of 
cotton 

4 1 he chin, nose, and sternum arc kept in line by an assistant 

*> The glabella, external auditory canal, and needle are now brought into one con- 
tinuous line 

The needle i* thrust through the skin in the midime of the neck over the axis and its 
full length kept parallel with (he external auditory canal. Keeping the needle in midime, 
the operator proceeds cautiously thrusting the needle forward and upward with the poult 
toward the glabella Proceeding thus, with the landmarks kept correctly aligned, the 
needle passes through the anatomic structures without meeting bony resistance After 
penetrating to a depth of about J cm. the operator must proceed further with due cau- 
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tion until as Ayer so aptly describes, he “receives the same sense of W wa v a , 
experienced in going through the lumbar dura.” If in doubt, the stylet should be re- 
moved from time to time and the needle observed for flow of fluid. The needle should 
never be inserted more than 6 cm. in adults and never more than 3.5 cm, in infants. The 
cisterna is usually reached in adults at a depth of from 4 to 5 cm., and in infants from 
2 to 3.5 cm. and about 1 to 1.5 cm. at the lower level. It is needless to say that one should 
secure practice on the cadaver. 

Diagnostic Indications for Gsterna Puncture Only. The following are listed: 

1. Suspected subarachnoid block. 

2. Localized spinal block by using combined cisternal and lumbar puncture. 

3. To localize lesions by injection of air or opaque material for roentgenograms 

4. Treatment of patients with specific scrum, who may be Josmg ground under in- 
jections by lumbar puncture. 

5. To relieve headache in block. 


Technic of Examination of the Cerebrospinal Fluid 


Cell Count. The ceil count should be made as soon as possible after the fluid has been 
obtained If the fluid is cloudy a trace ot oxalate is added to a portion to prevent clotting 
The fluid is shaken up, 3nd a drop may be mounted on a hemacytometer chamber. It is 
preferable to use a staining solution such as: 

Crystal violet, 01 Gm , glacial acetic acid, 1 ml.; water to 50 ml.; I drop of phenol 
The staining solution is drawn to the mark 1 in a leukocyte diluting pipet and the pipet 
filled with spinal fluid to the mark 11. The contents of the pipet arc shaken, a drop is 
mounted on a counting chamber, and the cells are counted as in making a leukocyte 
count To correct for the dilution the count is multiplied by *%■ 

Differential Count. A portion of the fluid is centrifuged, the fluid is decanted, and 
thin films are made from the sediment. These may be stained by XVnghi’s stain, or they 
may be fixed with absolute methyl alcohol and stained with aqueous methylene blue. It « 
necessary only to differentiate polymorphonuclear leukocytes, lymphocytes, and large 
mononuclear endothelial cells This can be done fairly well in the counting chamber, 
Cytology, In fresh fluid the average number of cells m normal individuals over me 
years of age is 1 to 6 per cu mm A slight increase may be allowed for children un tt 
five years of age Counts ranging from 6 to 10 arc regarded as suspicious, an coons 
above 10 are definitely pathologic. The only cell found in normal cerebrospuia ui 


the small lymphocyte , , . « _ 

An increase in cells m the cerebrospinal fluid is usually an indication o an i 
matory condition An inflammation due to cocci is attended by an increase m 
morphonuclear leukocytes, whereas viruses, tieponemas, and tubercle act l usu ,, 
duce a lymphocytic response Irritation by chemicals, inflammation o nci ^ 
structures (mastoid, sinuses, etc ), and the introduction of foreign protein m 
arachnoid space will also produce a mononuclear cellular increase. 

Globulin. An increase in globulin may be demonstrated by: im mo- 

1. tofn Test (Nonne-Apelt Reece, „„ k. : «). °™ M"’ £ 

mum sulfate solution is carefully layered 0 5 ml of clear sp ^ seconds 

globulin is indicated by the appearance of a thin white ring w 

(A ring may appear after five minutes or more with a non^BwV (about * 

2. Panov's Test To 1 ml of a dear saturated solution < of phenoMi ’ r „ indl . 

10 per cent solution) a drop of spinal fluid is added. ^ may s how a hint 

cated by the appearance of a bluish-white ciou ^ . , 4 \ degree of increase 

turbidity. The density of the cloud measures roughly 1+ » t 

in globulin i fluid which is demonstrably 

Either test will give a positive reaction with a norma p 
contaminated with blood. 
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Total Protein. A quantitative estimation of the total protein in the spinal fluid is im- 
portant, both for diagnosis and as an aid in estimating the effect of treatment in cases of 
syphilis. 

Method of Denis and Ayer Into a test tube of about 4-mL capacity, 06 ml spinal 
fluid is measured. To this is added 0 4 ml distilled water and I ml of a 5 per cent solu- 
tion of sulfosalicylic acid The contents of the tube are then mixed by inversion (but 
not by violent shaking) and after being allowed to stand for five minutes the suspension 
is read by means of a suitable colorimeter against a standard protein suspension prepared 
at the same time as the unknown Before reading the standard against the unknown the 
standard solution should be placed in both cups and several readings made In fluids 
of extremely high protein content, such as may be encountered m cases of spinal-cord 
compression and of meningitis, it is sometimes necessary to make a preliminary dilution 
with water as even 0.1 ml of such fluids may contain too much protein to read against 
the standard 

Preparation op Standard for Determination of Total Protein (Ayer and Foster). 
Twenty ml. of fresh normal human blood scrum arc diluted to 200 ml, with 15 per cent 
solution of sodium chloride in a volumetric flask and filtered. This filtrate is the concen- 
tiatcd standard 

The total nitrogen of this filtrate is determined by macro-Kjeldahl on 40 ml. The non- 
protein nitrogen is determined on the original undiluted serum by the micro-Kjcldahl 
method of Folin and this figure divided by 10 is subtracted from the total nitrogen to 
obtain protein nitrogen. Protein nitrogen multiplied by 6 25 gives the protein content of 
the concentrated standard 

This concentrated standard is diluted with distilled water to make the dilute standard 
containing 30 mg. protein per 100 ml 

These standards arc preserved with a few crystals of thymol and kept on ice except 
when in use In this way we have kept the concentrated standards for more than six and 
the dilute standards more than 12 months without appreciable change in protein content. 

The standards prepared for estimation of albumin in the urine may also be used (see 
p. 828) 

Protein. The total protein of normal cerebrospinal fluid varies from 15 to 40 mg. per 
100 ml The albumin averages 20 mg , globulin 6 mg. per 100 ml. Ventricular fluid con- 
tains very little protein, it may be as low as 5 mg per 100 ml. 

Albumin is increased in practically all pathologic conditions An increase in globulin is 
regarded as indicating disease of the central nervous system, particularly syphilis An in- 
crease in globulin without an increase in cells (N’onnc’s syndrome, albuminocytologic dis- 
sociation) may occur in case of tumor of the cord, and in infectious polyneuritis (Guillam- 
Barre syndrome). 

Nonproicm Constituents. Methods for the determination of the nonprotein nitrogen 
constituents, sugar, and chlorides in spinal fluid arc identical With those used for blood 
except that one fourth the quantities of sulfuric acid and sodium tungstate suffices for 
precipitation of the protein. For estimation of sugar only, 1 ml. spinal fluid is diluted 
with 4 ml water and determination made as with blood filtrate 
The nonprotein nitrogen content parallels that of the blood closely, being 15 to 35 mg 
l>cr 100 ml . urea nitrogen 10 to 15 nig.; uric acid 1 to 2 mg ; creatinine I lo 2 mg 
Sugar. The cerebrospinal fluid sugar a 20 to 30 mg. per 100 ml. lower than that of the 
blood There appears to be a definite relationship between the cerebrospinal fluid sugar 
and blood sugar, with a considerable lag in the rise of the cerebrospinal fluid sugar The 
average figures are 50 to .SO mg per 100 ml. of spinal fluid, with a blood sugar of 80 to 
120 mg per ml of Mood Any spinal fluid sugar found out of this range should be again 
investigated and the blood sugar determined at the same time. 

Infections caused by cocci cause a reduction in the spinal fluid sugar which is propor- 
tional to die seventy of the infection. Tuberculous meningitis causes a more gradual fall 
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Chlondcs. The chloride content of Ihe cerebrospinal fluid, expressed as sod,™ 
chloride, averages 720 to 750 mg. per 100 ml. (124 ,o 128 mil). In tuberculous mernng™ 

'Z ly ‘° '“ s ,han (104 "*0. A lesser reduction (6S0 to 630 

*ng., Ufa lo lUa mM) occurs in acute purulent meningitis. 

Jj'f I 3 " 8 " ,c r ° m 7 J *° 7A Thc “ rbon diMid = combining power parallels that of 

the blood plasma (50 to 65 volumes per 100 ml.). 


COLLOIDAL COLD TEST (laNGe) 

The principle of thc test depends upon thc facts that, if the conditions and the 
quantities of the reagents arc properly adjusted: The addition of sodium chloride 
solution (an electrolyte) to a colloidal solution of gold chloride causes a precipita- 
tion of the gold chloride, with characteristic changes in thc color of the solution. 
The colloids in normal cerebrospinal fluid exert a protective action on the colloidal 
gold chloride which prevents this precipitation. In many pathologic conditions 
the cerebrospinal fluid loses this protective action, and precipitation occurs. 

Many technical difficulties are encountered in preparing a suitable colloidal gold solu- 
tion. Williams' method (1935) of preparing thc solution as modified by O. C Western is 
now used by thc U S. Naval Medical School and has given great satisfaction. 

All glassware used in the preparation and titration of the solutions, in'collecuon of 
thc spinal fluids, and in thc tests must be P>rex and chemically clean. It may be cleaned 
with sulfuric acid bichromate cleaning solution, then rinsed thoroughly with tap water 
and finally with distilled water The spinal fluid must be collected and kept stenle until 
tested 


Reagents 

1. Distilled Water. Distilled water used in the preparation of the stock solution and 
reagents is redistilled in an all-glass Pyrex sull after thc addition of 10 ml- of 85 per cent 
phosphoric acid .per liter of w ater. The distillate must be collected in a closed system, 
protected from laboratory fumes, in a large Pyrex bottle. Care must be taken that no 
acid is carried over into the condenser. If properly sealed it will keep at least three wee s 
Further rcdistillation is unnecessary. 

2. Gold Chloride (Merck's Blue Label), l Per Cent Solution. One or more I-om. 
glass ampules of gold chloride are thoroughly cleaned and dried The ampules are 
scratched and broken, and with their contents arc dropped into a beaker. A htte 1 
tilled water is added to dissolve thc gold chloride, and this is poured into a voume i 
flask. The beaker and contents arc rinsed with several small portions of diso e wa 
which arc added to thc flask; the contents of the flask are diluted to the mar 
mixed 


3. Potassium Oxalate, 1 Per Cent Solution. Exactly 5.5409 Gm. of potassium ovabt 
(K 2 C 2 O 4 H 2 O) (reagent grade) are weighed out, transferred quantitatively to a • 
volumetric flask, and dissolved in distilled water. The solution is di u 

all 4. rotassium Hydroxide, 0.02 N Solution. File hundred and thirty Gm. 
hydroxide (reagent grade) are dissolved m sufficient dtMalled 4 the solutioas 

this are added 5 Gm. calcium hydroxide suspended m 50ml. d I ^ dat . A small 

are mixed and allowed to stand in a 1-bter stoppered Pyrex O T|]e CJacr OTM nt 
amount is then removed and titrated against a standard acid I c j coUtcA Jus t before 

required to make 2 liters of 0 02 N solution (apprrmma tcy 5 J > a „, c mllk 

use, the calculated volume is transferred to a volumetric flasK 
with distilled water. , . , ™«ntrated hydrochloric 

5. Hydrochloric Acid 0.02 N. Five hundred and forty ml. concen 
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acid (reagent grade) are diluted to 1 liter with distilled water. This is titrated against a 
standard alkali solution, and the volume required to make 2 liters of 0 02 N solution is 
calculated This quantity is transferred to a volumetric flask, and diluted to the mark 
with distilled water. 

6. Sodium Chloride, 0.4 Per Cent Solution. This is prepared in the usual manner. 

Procedure for Preparing the Solution 

1 Two liters of distilled water arc placed in a 4-liter Erlenmeyer flask; 20 ml. of 1 per 
cent gold chloride solution are added and mixed by swirling 

2, Twenty ml of 1 per cent potassium oxalate solution are added and the flask is 
again swirled 

3, Immediately, 85 mf. 002 N potassium hydroxide arc added The contents of the 
flask are mixed by swirling and heated over a large burner so that the solution boils after 
eight to nine minutes The color of the solution changes to a pale blue, then 3 reddish- 
purple, then a deep dark red. At about the ume the solution boils it should change 
(brighten) to a bright orange-red color. After this change in color takes place the solution 
should be boiled about one minute longer, then removed from burner, asbestos gloves 
being employed, swirled, and poured into a large P>rex pooling jar After cooling (and 
preferably after standing two to three weeks) the solution is ready for titration. 

The final “flash" to a bright orange-red color is essential for a satisfactory solution. If 
this does not occur the fault is probably tn the amount of alkali added and the process 
should be repeated, adding 1 to 2 ml. more (or less) of 0.02 N potassium hydroxide, 
until an amount is found which gives the proper change in color This volume (instead 
of 85 ml ) should be added whenever this lot of potassium hydroxide is subsequently 
used in making gold chloride solution 

Standardization of the Solution 

I If a spinal fluid is available which gives a positive (pareuc type) reaction with a 
gold chloride solution known to be satisfactory. 5 ml of this fluid are diluted to 50 ml. 
in a volumetric flask with 0 4 per cent salt solution A second dilution is prepared by 
transferring exactly 25 ml from this flask to a second 50-mi volumetric flask, and diluted 
io the mark with 04 per cent salt solution This process is continued until 10 dilutions 
have been prepared (1 . 10 to J : 5120, inclusive). 

Table 70 
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H a positively reacting spinal fluid is not available a I - 400 dilution t . 

scrum in d, soiled water is substituted for the spiial fluid. ' 

2. Thirty ml. of the colloidal gold solution to be tested arc transferred into each of 
eight glass-stoppered 50-ml Erlcnmcycr fhsU. To each flash is added 0.02 N hidrochLc 

” 'V"dTl S '? S “r ms - 0J m n 10 "" °- 4 mL “ ">» >“ond. increasing th 

amount added o each successive flask by 0.1 ml. until 1 0 ml. is added to the oghth 
flask If a gold chloride solution of Wvn reliability is available, 30 ml. of this are placed 
m a ninth flask and the necessary amount of 0.2 N hydrochloric acid shown by prcv.otis 
titrations of that solution is added. 


Procedure 

* * n suita kle racks, set up eight senes of 10 lest tubes each for the solution to be tested 
(150-tnm. by 16-mm. Pyrex tubes) and a ninth series of 10 tubes for the reference gold 
solution 

2. Into each tube pvpct 05 ml. of diluted spinal fluid as indicated in Table 70, 
the tubes in each vertical column receiving the dilution indicated at the top of the 
column 

3 Pipet into each tube 2 5 ml. gold chloride solution, the tubes in each hori- 
zontal column receiving solution acidified with the volume of 0.02 N hydrochloric acid 
indicated in the column at the left. 

4. The contents of each tube arc mixed by holding the tube in the hand and gently 
striking the side of the tube wtth the other hand. The tubes arc covered with a clean 
toivel and allowed to stand overnight. 

5. The results obtained are compared with the series containing the reference gold 
solution. The amount of acid added to the series of tubes matching this is to be used in 
subsequent tests. If no reference solution is available, the series showing complete pre- 
cipitation in the first four tubes but not in more than fiv e is selected. 

6. In another series of 10 tubes is placed 0.5 ml. of similar dilutions of a normal spinal 
fluid, and to each are added 2.5 ml of gold chloride solution acidified with the volume 
of acid found optimal in the titration above. The contents of these tubes are mixed ana 
allowed to stand overnight. If the reaction is negative, the solutions are suitable for use. 
The solutions must be stored in tightly stoppered P>rcx bottles, preferably in a dark cool 
place. According to Western, such soluuons have been found not noticeably change 
after five years’ storage. 


Actual Test on Spinal Fluids 

The following modification of Lange’s Colloidal Gold Test has proved equal to i the 
standard technic both in correctness and legibility, and is recommended in c in 
of economy 

1. Eleven chemically clean test tubes are placed in a rack. .... 

2. Into the first tube arc placed 1.8 ml. of 0.4 per cent sodium chloride solution 

0 5 ml is placed into each of the remaining tubes. , j 

3 To the first tube is added 0.2 ml of spina! fluid and the 3 d]hjtcd 

thoroughly (We feel that the dilution will be more accurate if 0.2 ml. ot « 

with 18ml. of salt solution than if 01 mL is diluted wilh 09 ml I of sat so »ci 
latter is used, 1 0 ml. is not discarded from the first tube as directed ic i Step ■) 

4 One ml. is discarded from the first tube, then 05 ml 

tube and mixed thoroughly Five-tenths ml is transferre o j$ discarded, 

cedure is continued until the tenth tube is reached; from this tube mi 
The eleventh tube is used as a control. 

5 To each tube 2 5 ml of colloidal gold solution are added fo r 

6, The contents of the tubes are mued thoroughly and he tubes 
hours. The readings are made and recorded as in the original 
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The results are usually expressed numerically as follows: 
Unchanged deep red 
Bluish red 
Lilac or purplish 
Deep blue 
Pale blue 
Colorless 


With a normal cerebrospinal fluid there is no change in color m any of the 
tubes. 

Color change of slight degree occurring in the first two or three tubes alone 
is not significant. The tube used for collecting the fluid should be cleaned in the 
same way as those used in the colloidal gold test. 

Three types of reaction occur: 

I Paretic type (first or left zone), in which the maximum change (complete 
precipitation) occurs in the first four or five tubes; eg., 5555432100. 

2. Luetic type (second or mid-zone), in which the maximum change (usually 
not complete precipitation) occurs in about the fourth and fifth tubes; c.g., 
0124321000. 

3. Meningitic type (third or right zone), in which the greatest change is m 
about the seventh and eighth tubes; e.g., 0001234421. 

A minute trace of blood m a normal spinal fluid may give a meningitic curve. 
Any appreciable amount of blood renders the test entirely unreliable, as does 
even a slight degree of bacterial contamination. 

The chief practical value of the test is in the diagnosis of syphilis of the cen- 
tral nervous system, and particularly in differentiating general paresis from other 
types of syphilis. A diagnosis of paresis should not be based on a paretic curve 
alone, but the latter always indicates a grave type of infection which demands 
energetic treatment. However, a paretic curve (with a negative Wasscrmann re- 
action) occurs in some cases of multiple sclerosis. 

Colloidal Mastic Test. This test is useful to supplement the colloidal gold test, and it 
is a fairly satisfactory substitute for the gold test if circumstances make it impracticable 
to perform the latter. The mastic test has the following technical advantages: The mastic 
solution is easy to prepare (although not every lot is satisfactory). Ordinary distilled 
water suffices, and extraordinary precautions in cleaning apparatus arc not necessary A 
trace of blood or a slight degree of bacterial contamination does not interfere seriously, 
as u docs with the colloidal gold test The masue test fails, however, to yield the different 
types of curves given by the colloidal gold test 
Mastic Solution Ten Cm gum mastic arc dissolved m 100 ml. of absolute alcohol and 
the mixture is filtered repeatedly until an opalescent solution free from turbidity is ob- 
tained Just before use 1 0 ml is diluted to 10 ml. with absolute alcohol and this is poured 
into 40 ml of (ordinary) distilled water 

Diluting Solution To 990 ml of a 1.25 per cent soluUon of sodium chloride are 
added 10 ml of a 0 5 per cent solution of potassium carbonate 
Tlst (I) A senes of 10 small test tubes is set up; to the first tube arc added I 5 ml., 
and to the others I 0 ml of diluting fluid (2) To the first tube is added 0 5 ml of spinal 
fluid, the contents of the tube arc mixed and 1 0 ml is transferred lo the second tube. 
After mixing, 1 0 ml is transferred to the third tube, and this proccvs is continued until 
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the ninth tube is reached, 1.0 ml. being discarded from this tube. The tenth tube serves 
as a control <3) To each tube is added 1.0 ml. of freshly diluted mastic solution Be 
thern-ead am * 3 0Wtfd to stand 12 hours or mDrc 3t room temperature. They are 

The control tube is opalescent but remains clear. Five degrees of reaction are noted: 
milky turbidity, 1; cloudy with minute flocculi, 2; cloudy with coarser flocculi 3; a 
coarse Rocculent precipitate with a cloudy fluid, 4, and complete precipitation, 5. ’ 

A reaction of + 1 or + 2 in the first two or three tubes is of no significance. A 
reaction is suggestive, and a -H or -F 5 is definitely pathologic. The maximum reaction 
practically always occurs in the first few tubes; the reaction is (qualitatively) "paretic" 
in type, regardless of the type of cerebrospinal syphilis present. Otherwise its significance 
is the same as that of the colloidal gold reaction. It is about equal to the latter in sensi- 
tiveness 


Cerebrospinal Fluid Changes in Various Diseases 

Acute Anterior Poliomyelitis. Early in this disease the cerebrospinal fluid will be dear 
with a moderate increase in cells (20 to 30, of which 90 per cent or more are lympho- 
cytes). After several hours a second puncture may yield fluid containing 50 per cent or 
more of polymorphonuclear leukocytes, while a subsequent puncture reveals a shift to 
lymphocytes again. This cellular shift from polymorphonuclear leukocytes to lympho- 
cytes, when found, definitely suggests anterior poliomyelitis. There are no other abnormal 
findings. 

Acute Benign Lymphocytic Choriomeningitis. In this disease the cerebrospinal fluid is 
under increased pressure with an increase in lymphocytes. There are no other pathologic 
findings. 

Alcoholism. In acute alcoholism the cerebrospinal fluid will be found under increased 
pressure and alcohol will be found in the fluid. (See Determination of Alcohol in Blood, 
P- 792) 

Diabetes Mellnus. In coma from diabetes the cerebrospinal fluid shows an increase in 
sugar, no increase in cells, and a pressure which is lower than normal. 

Epidemic Cerebrospinal Meniugids. In this condition the pressure is increased, the 
fluid is cloudy, there is an increase in cells, 85 per cent of which are polymorphonuclear 
leukocytes, and Gram-negative cocci (Neisseria intiacellulans) are present. 

Epidemic Encephalitis. During the acute stage there is often a moderate increase in 
globulin and in cells which are all lymphocytes In chronic cases with the Parkinsonian 
syndrome the fluid is normal 

Lead Poisoning. The cerebrospinal fluid shows an increase in pressure and ^ * ncr 
in lymphocytes, and the dithizone test may show definite evidence of lea . ere 
signs of hypertensive encephalopathy , lobuhn u 

Muldpie Sclerosis. During the active progressive periods of the disease eg 
markedly increased, but the cells as a rule are not notably increase , ere m 
paretic type of gold chloride reaction, but a negative Wasscrmann reaction. bloody. 

Subarachnoid Hemorrhage. The fluid is under increased pressure, is g v .jj ovv j s b 
and after the cells have been removed by centrifugation shows a is 

Syphilis. The cerebrospinal fluid is under increased pressure, die «I1 ^ 

(usually 25 to 100 lymphocytes); the globulin ^TUnd- 

reactions are positive. A colloidal gold curve m e ze , system (abet 

zone curve Is found in other types of involvement of the central 

syphilitic meningitis, etc.). orcssure, an increase in 

Tuberculous Meningitis. This disease causes an incrcas P Thls finding 

lymphocytes, and a decrease in sodium chloride and usually ,» sugar 
is practically pathognomonic. 
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BacteRiolocic Examination 

If meningitis is suspected, or if the fluid is cloudy, a portion should be inoculated im- 
mediately on blood agar (or dextrose brain broth) and the tubes h.ept at body tempera- 
ture until placed in the thermostat If the fluid is cloudy films should be made and 
stained by Gram's method, and if indicated, for tubercle bacilli 
In addition to the meningococcus, many other species of bacteria may cause a menin- 
gitis, most frequently pneumococci, streptococci, and staphylococci The meningitis may 
be hematogenous in origin, one manifestation of a general septicemia, or it may result 
from direct extension from some localized aiea of infection, most frequently in the middle 
car, mastoid, or paranasal sinuses. 

If tuberculous meningitis is suspected and a clear or opalescent fluid is obtained, a 
tube of fluid may be put in the icebox (Levinson recommends room temperature), %ept 
undisturbed, and examined after 24 hours If a fine filmy clot has formed, this should be 
fished out carefully with a platinum needle, spread over a small area on a slide, and 
stained for tubercle bacilli m the usual way The bacilli can be demonstrated without 
great difficulty in a large majority of the cases. 

A better method is that of pipetting 0.1 ml of 1 per cent potassium alum solution into 
10 ml, of fluid, shaking for 10 minutes, and centrifuging Smears are made of the sedi- 
ment, and cultures are made and guinea pigs inoculated if necessary 

The bacilli may also be concentrated with chloroform (sec p 82) if only stained films 
arc desired 

If no tubercle bacilli are found, a portion of the clot or sediment should be inoculated 
on suitable media, and a guinea pig inoculated 
If benign lymphocytic choriomeningitis is suspected, several mice should be inoculated 
intraccrcbrally, or guinea pigs subcutaneously, 

■ Animal Parasites 

Trypanosomes may be found in the spinal fluid in the advanced ■'»leep^ng-s^cknes$ ,, 
stage of trypanosomiasis The lymphocytes are increased. 

Tnchinelli embryos have been found in the spinal fluid 

Exudates and Transudates 

The serous cavities normally contain only minute amounts of fluid. Large 
amounts of fluid may accumulate in them under pathologic conditions. Such 
fluids are divided into two classes: (!) transudates, which form as a result of 
circulatory stasis or obstruction, and (2) exudates, which result from inflammatory 
processes h is practically important and, often possible to differentiate between 
the two conditions by a study of the characteristics of the fluid. 

If possible several ounces of fluid should be collected in sterile condition, and a por- 
tion should be mixed with a hale potassium oxalate or 2 per cent sodium citrate solution 
to prevent dotting The following examinations should be carried out: 

L Gross Appearance. Transudates are clear and transparent or opalcsccnr, and pale 
yellowish in color. Exudates arc usually more highly colored and more turbid. They may 
vary from serous (slightly cloudy) or serofibrinous to purulent, or they may be hemor- 
rhagic or chyhlorm 

A trace of blood ts common as a result of trauma of the puncture A hemorrhagic 
fluid is frequently obtained in cases of malignant disease, but may occur also in acute 
tuberculous infections, and in a variety of other conditions (trauma, hemorrhagic diseases, 
aneurysms, etc ). 

A true chylous fluid (from which the fat can be extracted with ether) results from 
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Table 71 


• ( A f,„ c Cerebrospival Fluid lv 

(After Fremont-Smirh W A " 

Disease 

. Initial pres- 
sure: mm. t 
Spinal fluid 
Horizontal 
Position 

, J Rise or. 
j Jugular 
[ Com- 
1 presston 

Appearance 

Cells per 

Globulin 
mg/ 100 
ml. 

type A 

Encephalitis Japanese 
type B 

Encephalitis St Louis 
type 

Equine cnccphalomyc* 
litis 

> N 

N 

N 

N or slight in 
crease 

No polys 


Acute syphilitic men in- , 

gitu 

* 


Clear to turbid; 
faint yellow; ± 
fibnn clot 

+ 

+ 

syphilis” 

* 

N rarely 
delayed 

N rare fibrin dot 
with large fiber 

+ 

+ I 

Progressive parenchy- 
matous syphilis 

+ 

N 

N rare fibnn clot 

+ 

+ 

Late inactive forms or 
insufficiently treated 

N 

N 

N 

N 

N 

Alcoholism 

+ 

N C 

Sear 

; 

+ 

(Lymphs) 

N 

Diabetes (coma) I 


N C 

(ear 

+ 

Lymph 

jJ 


N— Normal 
"f Plus (positive). 


obttruction to large lymphatic channels (filariasis, occasionally cancer or tuberculosis of 
the lymph nodes, etc ) 

2. Specific Gravity. This may be determined with an ordinary unnometer. Transudates 
are under 1.018 and usually under 1 015; exudates are usually over 1 018. 

3. rotein Content, The amount of protein in the fluid may be determined by means 
of the Esbach tube, as described for urine, first diluting the fluid 1 : 10 with water and 
acidifying, or the sulfosahcyhc acid method may be used. Transudates contain less than 
30 Gm. (and usually less than 25 Gm.) per liter, exudates, usually 30 Gm. or more. 
Transudates do not clot. Exudates contain fibrinogen and often clot on standing Exu- 
dates differ also in containing “seromucin” (“nucleo-albumin”). 

Rivalta’s Test for Seromucin. To 100 ml. water in a graduate, 2 drops of glacial acetic 
acid are added A drop of the fluid to be tested is allowed to fall into the dilute acid. A 
positive reaction is indicated by the appearance of a bluish-white cloud. 
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— (< Continued ) 


DlFFtftENTlAL DIAGNOSIS 

nai of American Medical Association ) 


Protein, 
mg / 100 
ml. 

Sugar, 

mg/100 

ml 

Chlorides 
fas NaCl), 
mg/ 100 
ml 

Non- 
protein 
Nitro- 
gen, 
mg/ 
100 ml. 

Gold Sol 

Comment 

N or slight 
increase 

N 

N 

N 

Variable 

Sugar » normal unless blood vugar is 
elevated Over 50% of patients 
have normal cell count Others 
rarely exceed 60 cells Protein in- 
crease when present is slight — 
rarely reaching 100 mg /1O0 ml. 

+ 

N ! 

Slightly 

low 

N 

Strong reac- 
tion Zone 
variable 

Wasserenann t esc non nearly always 
positive 


N 

N 

N 

Variable 

Wassermann reaction nearly always 
positive 


N 

N 

N 

HI 

Wassermann reaction always strongly 

positive (includes tabes 80%, pare- 

sis 100%, and optic atrophy 80%) 


N 

N 

N 

Weak luetic 

Wassermann reaction weakly positive 
or negative 

N 

N 

N 

N 

N 

Alcohol present m the spinal fluid 

N 

Marked 

N 

N 

N 

Increased sugar in \p (1 


i—JIuj-minui normal or increased 
•Divide by 13 5 to convert to mm of mercury 
tDcpcnd* upon blood sugar level 


Monty adds 2 drops of 5 per cent acetic acid to the fluid A heavy doudlike precipitate 
indicate i an exudate A transudate may show a slight opalescence 
4 Cell Count. The total cell count is made with a hemacytometer In the case of 
scrout fluids with relatively few cells, the fluid is used undiluted or mixed with a little 
staining solution, as described for spinal fluid Cloudy or purulent exudates should be 
dilolrd m a leukocyte pipet as in making a blood count 
To nuke a differential count, a portion of the fluid u centrifuged as toon as possible 
after it u secured, the fluid is decanted, the sediment is resuspended in the drop re- 
maining in the tube, and this films arc made, using the same technic as in making blood 
films Films may be stained by Girmsa's or Wright's stain, nr they may be fixed by heat 
(flaming alcohol) and stained with hematoxylin and cosm The cells degenerate rapidly 
if the fluid is allowed to stand and then stain poorly In purulent exudates the leukocytes 
olten show marked toxic-degenerative changes. If the films are thick and die cells rounded 
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up and not well spread out, it is difficult or impossible to identify them. The interne 
tation of such films is often difficult and requires considerable experience. It is impos 
sible to make satisfactory counts or films from clotted fluid. 


In transudates the cell count Is low, usually under 100, and nearly all the cells 
are large mononuclear mesothelial cells. These may be In plaques. A lerv lymphn 
eyres may be present. 

In tuberculous exudates the cell count is moderately high, usually from 100 to 
1000 or more, and nearly all the cells are lymphocytes. A few large mononuclear 
cells may be present, and in acute cases some leukocytes. 

In exudates due to other oiganisms the cell count is much higher, often many 
thousands, and nearly all are polymorphonuclear leukocytes. 

A serous exudate may develop without actual infection of the cavity as a re- 
sponse to some localized infection in the immediate vicinity (c.g., a lobar pneu- 
monia or a perirenal abscess). Such fluids show a more moderate increase in cells 
which are largely leukocytes, and yield sterile cultures. 

Exudates due to malignant disease may contain tumor cells, but it is difficult 
to identify them with certainty. The most important points are the occurrence 
of clumps of cells, and the presence of mitotic figures. These are best demonstrated 
by fixing the moist films with some bichloride fixative and staining with hematoxy- 
lin and eosin. In some cases there are very large, vacuolated cells which have the 
appearance of a signet ring, but similar cells have been reported in chronic inflam- 
matory processes. 


More satisfactory results have been reported with Mandetbaum’s nv'-'oi. the sedi- 
ment from a considerable amount of fluid is collected by sfA- .entation and centrifu- 
gation. To the sediment in the up of the centrifuge tube, 1 i/pcr cent formalin is added 
and allowed to remain for 24 hours The sediment is Cen dehydrated, embedded in 
paraffin, sections are made and stained with hematoxylin and eosin as is done in 
examining a piece of tissue. 

The differences between transudates and exudates arc not always clear-cut A transu- 
date may acquire the characteristics of an exudate after it has become chrome, particu- 
larly after repeated tappings It may become concentrated and show a high S P C c 
gravity and high protein content during the process of absorption. An exudate ue o 
a mild chronic infection, particularly in the peritoneal cavity, may show a reativey 
gravity and protein content, like a transudate Stasis may play a part in the accumu a 
of such fluids , . a J jj 

5. Bacteriologic Examination. Cultures should be made on blood agar , . c 

cloudy or purulent, films should be stained by Gram’s method, and wit me 


In cases of acute peritonitis Wilkie pointed out that the examination of , 

of the exudate gives information of prognostic value. If bacteria are *P"« * aJJ j ,( 
intracellular, the outlook is good li they avc numerous and large y ex r c 
the leukocytes show degenerative changes, thV prognosis is unfavorable. ant j 

If tuberculosis is suspected, cultures of thK centrifuged sediment shoo ^ ^ lhe 
guinea pigs inoculated. Positive results may\be expected m at least ? c<Juflcn t 

cases from pleural fluids, less frequently froiii ascitic fluids. A portion 
may be stained for acid-fast bacilli, but they are\ f oon d only occasionally. ^ ^ 

Synovial Fluid- This resembles the fluid fror? n the serous cavities. 
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count is about 50, and 95 per cent of the cells are mononuclears. The sugar and pH are 
practically the same as in the blood. 

In chrome infectious ( rheumatoid ) arthritis cultures of the fluid are sterile. The cell 
count is increased, but usually under 5000, and less than 50 per cent of the cells are 
polymorphonuclear leukocytes The sugar and pH arc slightly reduced (60 or less, about 

70). 

In acute infectious arthritis from which positive cultures are obtained the cell count is 
usually over 10,000, and over 50 per cent are polymorphonuclear leukocytes. The sugar is 
under 45 mg. and the pH under 7 0. 

Traumatic arthritis is suggested by the presence of red cells in the fluid and by an 
icterus index over 6. 

In tuberculous arthritis with effusion organisms can practically always be demonstrated 
by culture or guinea-pig inoculation. 



CHAPTER 36 


Chemical Examinations of the Blood 


For practical clinical purposes, to avoid wasting time and effort, it is important to 
select those procedures which are likely to yield useful information in the disorder which 
is present or suspected, and,not to follow blindly some fixed routine anal)tical proce- 
^ urc T* es ts which are indicated should be done accurately and preferably in duplicate. 
An accurate interpretation of the results can be made only in conjunction with all the 
other available information concerning the patient. In general these analytes are of less 
value as direct diagnostic procedures than as a means of recognizing disorders of 
metabolism and of guiding therapeutic measures necessary to relieve them. 

Table "2 gives a summary of the normal figures and alterations which may be expected 
in various c)mica) conditions. The figures for average normal findings are taken from 
Peters with a few unimportant exceptions The others have been compiled from various 
sources. The values are given in mg per 100 ml. of whole blood (the usual system) or 
as millimoles (mM) or rmlheqmvalents (mE) per liter, unless otherwise indicated. "Inc,” 
and "Dec.” signify increased and decreased, respectively; "N” signifies normal; "Var,” 
variable. ,, To” qualifying a figure indicates that findings range from normal to that 
figure. Workers should notice the marked differences between the concentration of 
many of these substances in cells and in plasma and the effect that anemia alone may have 
on the results of analyses if they are made with whole blood. 

Collection of Blood. To secure uniform conditions die blood should he obtained, 
usually by venepuncture, before breakfast in the morning. This is essential for determina- 
tion of sugar and inorganic phosphorus. For most other substances fairly comparable 
results may be obtained if blood is taken four hours after a meal. Many determinations 
may be made on whole blood, and coagulation is prevented by adding Jithium oxalate or 
potassium oxalate (not ammonium oxalate), using preferably 2 mg (not over 3 mg) per 
ml. of blood. For determination of calcium, serum is used and anticoagulants ( particularly 
oxalate ) must be avoided Scrum (or plasma) is required for determination of proteins 
and inorganic phosphorus, and is decidedly preferable for uric acid, chloride, choestero , 
carbon-dioxide combining capacity, and bases. It is equally satisfactory for a t e 0 <er 
usual analyses (except hemoglobin and O), although a larger volume of b oo is re 


quired. . . * 

Serum is preferable to plasma, since the presence of oxalate may inter ere in s0 
the tests. Furthermore, the use of anticoagulants increases the tendency to cm ' ^ 
Twgemg of the scrum with hemoglobin causes errors in many of the tes s 
avoided All glassware used, including the synngc ami needle, must be c em f 
and should be dry Preferably the latter should be ..rapped, sterilized mzttiamM" 
and dried ,» an oven. If boiling must be employed for stentohoh, £ 
should be boiled in distilled svatcr (not tap water) and dried in the m 
initiations (except sodom and ehlonde), however, they may be rinsed ,a sterile f f 
logical sodium chloride solution. , , , f .l. preparation 

The following procedure (Peters and Van Slykr) is j If Saline, it 

0 / the oxalate tube,, yv 20 per cent solution of potassium oxalate . ‘ P«P n 

should be retry, tallied, and ,f necessary enough oxt.be acid added to bring 
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to 3 pH of 7 4 (to phenol red, see p. 924) To a series of tubes, with the aid of a graduated 
pipet, 0.05 ml. of the solution (for 5 ml. samples) and 01 ml (for 10-ml. samples) arc 
added Each tube is held horizontally, rotated until a thin him of oxalate solution is 
distributed over the walls, and dried without heating in a current of air 
For determination of sugar and nitrogenous substances, blood may be taken in any 
convenient way and mixed with a little potassium oxalate in open bottles. For determina- 
tion of blood gasef, disturbances of acid-base equilibrium, and for accurate studies of 
chlorides and other electrolytes the blood must be protected from exposure to air by 
collecting it under oil We recommend the apparatus shown on p 928 Stasis must be 
avoided, and if a tourniquet is required, one should loosen it after the needle has entered 
die vein and wait until normal conditions are restored before gently aspirating the blood. 

After blood has been obtained the protein precipitauon or other analytical procedures 
should be earned out without delay If this is not possible, the blood should at once be 
chilled in ice water, and kept cold till used In a hot laboratory the glucose content falls 
quite rapidly (after one to two hours), with simultaneous formation of lactic acid, owing 
to the action of a glycolytic ferment which is eliminated with the proteins Other fer- 
ments (phosphatase) break down organic phosphate and increase the amount of inorganic 
phosphorus present Most other determinations (except acid, pH, and COz) show less 
change during the first six or eight hours, but the longer the analysis is delayed, the 
greater are the errors encountered. Blood can be preserved two or three days at ordinary 
temperatures for glucose and nonprotcin-mtrogcn determinations, if it is sterile and if 
10 mg sodium fluoride and 1 mg thymol per ml. are added to prevent coagulation and 
inhibit ferment activity 

In the selection of the following procedures, consideration has been given to simplicity 
of technic and stability of the reagents as well as to the precision of the results obtain- 
able We believe that if carefully carried out, they will give results amply accurate for all 
clinical purposes 

Tor the determination of glucose and the nonprotem nitrogenous constituents of the 
Wood the Fohn-Wu system of analysis is sausfactory, and the following procedures 
utilize their tungstic acid filtrate and largely follow their technic. 

Precipitation of Protein (Polin-Wu, Ifadcn), (I) In a clean dry flask pipet (preferably 
with a Folm pipet) one volume of well mixed blood (10 ml for a complete analysis) (2) 
from a graduate or buret add slowly with constant stirring 8 volumes ot N/12 sulfunc 
acid (I) Add 1 volume of 10 per cent sodium tungstate solution, shake thoroughly. If 
the precipitation is complete the color becomes chocolate-brown, on shaking, it gives a 
ringing metallic sound, and it shows practically no foam. (4) After 10 to 20 minutes filter 
through a dry ammonia free filter large enough to hold the entire quantity Refiltcr the 
first few drops if necessary The filtrate must be perfectly clear and colorless It should 
be acid tu litmus but not to Congo red If brow nish or if it foams appreciably on shaking, 
add one drop of )0 per cent sulfuric acid, shake for a few minutes, and continue until a 
clear, faintly acid filtrate is obtained. The filtrate may be kept for -24 hours in the icebox, 
with a drop of xylol as preservative. 

For plasma or serum, dilute both the N/12 sulfuric acid and sodium tungstate solution 
with an equal volume of water, and proceed as above, using the diluted reagents. 

N J2 Slim kic Acio Add 2 5 ml concentrated sulfuric acid to I liter water Check the 
strength «>f ihe solution with an accurately standardized alkali column (see p Oil) 

Soon xi 1 vmw7a7e Ri_vciE> 7 Pissolse 100 Cm. pure sodium tungstate in I liter am- 
monia free water I liter if necessary. The reaction should be faintly alkaline, but such 
that less than 0 4 ml N 10 hydrochloric acid will render 10 ml. neutral lo phenolphtlial- 
cin If necessary add acid or alkali suiBcicnt to bring it to this point 

Check both solutions by showing that they yield a suitable filtrate with normal blood 
If tightly stoppered they keep indefinitely 
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Nonprotein Nitrogen and Urea Nitrogen 
Nonprotdn Nitro e en (Folin-Wu). All raged must of the highest pur, tv and 
tree from nitrogen Ammonia-free water must be used for all these determinations. Other 
tests requiring the use of ammoniacal solutions should not be carried out in the same 
room in which nesslerization procedures are performed. 

(1) With a volumetric pipet put 5 ml. blood filtrate in a dry P)rex ignition test tube 
(25 X 200 or 250 mm.) graduated at 35 and 50 ml. (The use of a wet tube causes trouble- 
some bumping.) (2) Add 1 ml diluted acid digestion mixture and a dry quartz peb- 
ble. (3) Boil vigorously over 3 microburncr, shaking constantly, until dense white fumes 
fill the tube. (4) Quickly transfer the tube to a stand, cover mouth of tube with a watch 
glass, and continue heating just enough to maintain visible boiling for two minutes, or 
until solution is clear. (£) Let cool in place for 90 seconds (not longer). (6) Add cau- 
tiously about 25 ml water, at first a few drops at a time. (7) Cool to room tempera- 
ture, and fill to the 35-ml mark with water (8) In a 50-ml. volumetric flask put 3 ml, of 
die working nitrogen standard solution, containing 0 15 mg nitrogen, 1 ml. diluted 
acid digestion mixture, and about 25 ml. water. (9) To each, 1 or 2 drops gum ghatti 
solution may be added. (10) Nesslcrire both solutions at the same time, adding to 
each 15 ml. Ncssler’s solution, shaking constantly while adding the solution, dilute 
the standard to the 50 ml. mark, and mix. (11) Stopper the tube containing the un- 
known with a clean rubber stopper, mix, and if it shows a whitish turbidity, due to 
ctchmg of the glass, centrifuge until clear. (12) Compare in the colorimeter, reading the 
standard against itself. 

Calculation 


Rp ad m^of^ar d. y _ ^ = NpN „ m , b(<>0<1 
Reading of unknown ° r 

If the sediment after centrifugation is reddish, if the solution is not perfectly clear, or 
if either solution clouds before the reading is completed, the nesslerization is a failure 
and the test must be repeated Clouding can often be prevented by adding 1 or 2 drops 
of gum ghatti solution to each tube before nesslerization. If the color of the unknown is 
much darker than that of the standard, the test must be repeated, using less of the nl- 
tratc. 

Clouding of the solution after nesslerization may be due to improperly prepared so u- 
Uons, especially an improper amount of alkali in the Messier's solution. Check: 2 m. 
N/l HC1 should be neutralized (to phcnolphthalem) by from II to 11 5 ml. of Messers 
solution. It may also be due to the following technical errors: (1) Inadequate eating, 
covering the mouth of the tube too soon, or stopping before the solution is enure /vs C pf 
(2) Overheating, by boiling too long or too vigorously after covering the tu e ( ) 1 
diluting with water too soon, or more often, too long after heating is comp ete ( ° 
siderable sputtering is to be expected when the first drops of water are a i c j l , / 
not keeping the solutions well mixed while the Nessler’s is being added. (I y 
too long before making the readings. , Iftn . 

Reagents: acid digestion mixture Mix 300 ml 85 per cent phosphoric aci wi 
concentrated mtrogen-free sulfuric acid, and 50 ml 5 per cent copper t jj 

put m a tall cylinder, seal tightly to exclude ammonia, and let stan 
the precipitate of CaSO, has settled out Decant or “ of the clear solution 

DILUTED ACID DIGESTION MIXTURE (WORKING SOLUTION). TO 1 V 

above, add an equal volume of water. in 20 ml 

nessler’s solution (koch-mc meekin) Dissolve 30 Gm. P reserve 0 5 ml 

water, and add 22.5 Gm. iodine Shake unol dissolved, and P°"‘ 0 “‘ k yc l! 0 w, 

Add 30 Gn, pure metallic mercury, and shake un.,1 the * solution become p^y ^ 
cooling under the tap when it gets warm. Remove a drop 
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starch solution. If negative, add, drop by drop, the iodine solution which had been set 
aside, until a positive reaction for iodine is obtained. Decant the supernatant fluid, wash 
the residue several times with water adding the washings to this fluid, and dilute the 
whole to 200 ml. Mix and add the entire quantity to 975 ml of accurately prepared 2.5 
N (10 percent) carbon diaxidc-frce sodium hydroxide. Mix 3nd let stand two weeks until 
clear. 

2,5 n sodium liYpnoxwE sottr non Dissolve 200 Cm sodium hydroxide (sticks or pel- 
lets) in 200 ml. water, shaking until dissolved to prevent caking Store in a tall, stop- 
pered cylinder for two weeks, until carbonate has settled. Decant or siphon off the dear 
fluid, and dilute 187,5 ml to 1200 ml. with distilled water Mix, and cool. Check 
strength by titration against a standard solution of hydrochloric acid of known accuracy, 
and adiust if necessary (I ml, 2 S NaOH is neutralized by 25 ml N/10 HC1 ) 
standard MTRocEN SOLUTION (stock.). Dissolve exactly 4.716 Gm. dry ammonium sul- 
fate* of the highest purity and pyridine- free, in I liter water This contains 1 Gm of ni- 
trogen, hence I mg per 1 ml (For the average laboratory we advise the purchase of the 
specially purified pyridine- free preparation ) 

STAN0AR0 NITROGEN SOLUTION 

with water J ml. contains 005 

AMMONIA TREE WATER- The W~w, * ' I 

reagent. If it does, it must be freed from ammonia by adding a little sulfuric acid, and 
redistilling from a glass flask The water must be protected from exposure to ammonia- 
containing air during the collection, by receiving it in a flask the vent tube of which is 
protected by a guard tube containing a little dilute sulfuric acid. 

glm ghatti solution This is Used to stabilize colloidal suspensions Fill a liter cylinder 
with distilled water Put 20 Gm. gum ghatti in tea ball, and suspend it just below the 
surface of the water, letting it extract overnight Add I 0 Cm benzoic acid dissolved in 
10 ml alcohol and shake Clear by sedimentation il necessary. The solution keeps for 
months on kc Gum ghatti should not be used unless it is found to be necessary, as it 
lessens the intensity of the color and to some extent alters the relationship between the 
intensity of color and the concentration of ammonia 
emu tit This is a finely granular insoluble sodium aluminium silicate, which absorbs 
ammonia (with liberation of sodium) in neutral or acid solutions, and liberates the am- 
monia when sodium hydroxide is added Absorption is complete only in dilute solutions, 
and with an excess of pcrmutit. To free the perniutit from fine dustlike particles which 
sediment very slowly, rcpeaicdly shake up the pcrmutit in a flask with distilled water, 
wait a moment till the cojr'c particles have settled, and poor olf the cloudy supirnatant 
fluid Pcrmutit which has been used can be reclaimed (if it has not been in contact with 
Nesslcr's solution) in die following way Wash several times with water. Add 10 per 
cent sodium hydroxide, shaking occasionally for an hour or so Wash with water several 
times, then wuh 2 per cent acetic acid, and again several tunes with water Dry in air 
Without heating Keep in bottle sealed with wax or paraffin. 

N'onprOtcm Nitrogen (Buell, Adapted from Genizhow). The following procedure 
has been o«ed by Dr Mar) Buell «i the Chemical Laboratories of the Johns Hopkins 
Hospital It u recommended because the solutions do not cloud, whereas with the 
original I ohn Wo procedure it is often difficult to avoid slight degrees of clouding which 
arc particularly disturbing if a photoelectric colorimeter is used All reagents must be of 
the highest punty and free from nitrogen Ammonia free water must be used for all 
these determinations 

(1) Put 2 ml I ohn Wu filtrate in a dry Pyre* tube graduated at 20 ml (2) Add 0 5 
n»l digestion nutturc and one vitrcoscal boding chip or a quartz pebble (d) Heat 
over a inarpburner so adjusted as to bring to boding m 30 seconds (4> When charring 
tagim add 5 drops of persulfate volution, J drip per set and, without removing the 
flame (5) Insert a small funnel in die tube and heat until digestion is complete. (If 
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boiling is stopped momentarily the bead jump, when boiltng is resumed. The setae i, 
“ """P 3 ™' “<l PWC blue.) ( 6 ) Cool one mtttute « 


l nn .„ , , : 1 — , one minutt 

longer (7) Add 1 to 2 ml. water from a wash bottle. (8) Wash funnel mide and 
null about 15 ml. distilled water. (9) Cool to 25’ C. in a w*.»~ u-.» * 

l*>rcx tube put 2 * . ■ . f . 

standard solution. 

To each of the the „s. auu t ml. persulfate solution, (12) add 1 ml. potassmni 
gluconate solution, (13) add distilled water to the 20-ml. mart, and (14) add 5 ml 
Ncsslcr’s solution from a buret. (15) Stopper the tubes, mix at once, and let stand ID 
minutes, to cool to room temperature. (16) Read in colorimeter, using a filter to admit 
light of 500 mj* wave length if photoelectric colorimeter is used. Head against the 
standard most nearly corresponding to the color of the unknown. If the latter is much 
darker than the standard, repeat, using a smaller volume of filtrate and correct the subse- 
quent calculations accordingly. If the solution shows the slightest clouding it must be 
discarded and the test repeated 

Calculation, if the weaker standard solution is used, with a photoelectric colorimeter: 

N.PN in tug. per lOOml. = Z&w °( X. 30. 

Reading of standard 

With a visual colorimeter, if the unknown is set at 30, the reading of the standard 
gives directly the N P N. in mg. per 100 ml 

Reagents: digestion mixture Dissolve 55 Gm. nitrogen-free sodium sulfate in 800 ml. 
distilled water. Add 500 ml. concentrated nitrogen-free sulfuric acid Add 50 mJ. 85 
per cent phosphoric acid (s)rup) Add 55 ml. 3 per cent copper sulfate. Cool. Dispense 
from an automatic buret. 

persulfate solution Disiolve 25 Gm. mtrogcn-frce potassium persulfate in 10 0 mb 
distilled water Make up fresh weekly, and store in the icebox. Fill small dropping 
bottle for use each day, and discard excess 

potassium ci lco nate solution Dissolve 2.5 Gm. potassium gluconate in 100 ml dis- 
tilled water. Make fresh solution weekly and store in the icebox. Fill a buret daily, dis- 
carding the excess. 

nessler's solution This solution is the same as that used in the FoliflAVu metho 
(p. 766). 

standard nitrogen solution Dissolve 4.7160 Gm. dry ammonium sulfate (which con- 
tains 1 Gm nitrogen) m 1000 ml water. , 

working standard Introduce 3 ml. of the above standard solution into a 77 ™ ' 5 
and dilute to the mark These solutions keep indefinitely if tightly stoppcrc u0 m 
of the working standard conrams 0 06 mg nitrogen, which corresponds to the mtrog 
present in 2 ml of Fohn-Wu filtrate of blood containing 30 mg. nonprotem nitrogen p 

l0 Ura Nitrogen (Gentahow). (1) Piper 2 ml. oxalatcd whole blood into a 125-rnl 
flask. (2) Add 135 ml. water. (3) Add 05 ml urease solution. (4) Mix, “I" M 
beaker, and meuba.e at 37- C for 30 m, notes. (5) Add 2 ml ri N sul urte aetd («LM 
2 ml 10 per cent sodium tungstate solution (7) Shake well, and after .... 

filter. ( 8 ) Ptpet 5 ml. filtrate into a large P>rex test tube graduated at 20 ^ 

a second, similar tube ptpet 2 ml working ammonium sulfate soluti , Nr , y 

tube ptpet 4 ml standard solution. To each of lire three tubes. ( > m .|„ c onate 

digestion mixture, (II) add 1 ml persulfate solution, ( ) a 5 n ,i Messier’s 

solution, and (13) add water to die 20-ml mark. (14) To each tube ^ 
solutton and mix (15) After 10 m, mites read m the ^ « muc h darker 

solution nearest to the unknown in color. If tbe color of the usl »g a 

than the standard, dtscard and repeat the procedure begmmng tttth P 
smaller volume of filtrate, and alter the calculation accordingly 
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Calculation with a photoelectric colorimeter, jf the more dilute working standard is 
used: 


Urea nitrogen 


Reading of unknown X 12 
mg per 100 ml. — R ca j, n g 0 f standard 


With a visual colorimeter, if the unknown is set at 24, the reading of the standard 
di sided by two gives the urea nitrogen in mg per 100 ml. blood 
To express as urea, multiply this figure by 2 14 

Solutions: buffer phosphate mixture In a 100-ml, volumetric flask put 14 Gm. sodium 
pjrophosphatc (NaiP^Ot.lOH.O) and 2 ml 85 per cent phosphoric acid, dissolve in 
water, dilute to the mark, and mix This ensures complete conversion of the urea. 

L’REAse In a 250-ml. flask put 10 Cm pemiutit, wash once with 2 per cent acetic acid 
and twice with water. Add 15 Gm. Jack bean meal 3nd 100 ml 16 per cent alcohol. 
Stopper and shake well for 30 minutes Filter and store in the icebox Prepare freshly 
every two weeks. When only occasional tests are made, it is advisable to cut heavy 
porous filter paper into strips 1 inch wide, saturate with the filtrate, dry at room tempera- 
ture, and cut into 15-inch lengths. These keep active for many months. Reliable urease 
tablets can be purchased. The activity of such preparations should be checked occasionally. 

Since many urease preparations contain nonprotein nitrogen, this filtrate cannot be 
used for determining nonprotcin nitrogen unless the urease is tested and shown to be 
free from nonprotein nitrogen Squibb’s “double-strength'’ urease is free from non- 
protcin nitrogen and is recommended The urease docs not seem to interfere with the 
determination of the other constituents of the filtrate. 

other solutions. The other solutions are identical with those used in nonprotem nitro- 
gen determinations. 

Modification of Urea-mtrocen Determination If the Folin-Wu method of determin- 
ing nonprotcin nitrogen is used, it will be more convenient to alter the urca-niirogcn 
procedure as follows. Carry out steps (1) to (7) inclusive, as above (8) Pipct 5 ml 
filtrate into a large Pjrcx tube graduated at 20 ml. (9) Into a 50-mi. volumetric flask 
pipct 3 ml. working standard solution containing 015 mg. nitrogen (p 767) (10) To 
the unknown add 2 drops and to the standard add 4 drops gum ghatti solution (11) 
Dilute die unknown to about 20 ml and the standard to about 40 ml with water (12) 
To the unknown add 25 ml Kessler's solution and to the standard 5 ml. (13) Dilute each 
to the mark, mix, and read in the colorimeter The calculation is the same as above. 


Significance of Nonprotcin Nitrogen and Urea Nitrogen Findings. Nor- 
mal individuals on an average diet show a nonprotcin nitrogen of from 20 to 35 
mg. per 100 ml. of blood, and a urea nitrogen from 10 to 20 mg. The quantity 
of these substances present is affected by several different factors: (I) the in- 
tegnty or impairment of renal function, particularly as shown by the concen- 
trating power and capacity to cxcrctc urea; (2) the volume of urine excreted, (3) 
the occurrence and rate of destruction of body protein; (4) to some extent, the 
amount of protein in the diet. 

In normal individuals a very low protein diet which is adequate in caloric 
value may lower the NJ\N. to 13 mg. %. A reduction of the N.P.N. to normal 
figures may sometimes be brought about in a similar manner in patients with a 
maikcd impairment of renal function, although this is detrimental to the patient’s 
welfare. An abundant fluid intake with free diuresis has a potent effect in pre- 
venting accumulation of N.P.N in conditions which tend to produce it. 


Deitruetion oj bojy protein occurs in a great variety of pathologic conditions, and, 
if marked in degree, may cauic a substantial rise in N I'.N if the urine volume i< small 
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Whcr, associated with marked olignna, the N.PN. may reach levels as high a, 

whkhdest” “'(Ti™' insufficiency. Among the more important conditions in 
which destruction of body protein may lead to an increase in NP.N. without significant 
renal m]Ury may be mentioned: starvation, especially with fluid restriction; poisoning with 
' arious drugs; sometimes after the administration of potassium iodide; 'surgical shock- 
acidosis; peritonitis, severe infections of all types; intestinal or pyloric obstruction, de- 
hydration from any cause; intractable vomiting or diarrhea, as in cholera or dysentery, 
acute hepatic necrosis; and the terminal stage of Addison’s disease In acute hepatic 
necrosis the urea nitrogen has been reported to be relatively less elevated than the N P.N, 
or in the terminal stage greatly reduced, the amino acids being greatly increased. In 
practically all other conditions the increase is mainly in the urea fraction. 

In such infections as pneumonia a N.PN. as high as 70 mg. % has been reported, 
without evidence of renal injury and with an essentially normal, concentrated unne. 
By increasing the fluid intake and securing diuresis, the figure may be brought to normal 
in two or three days, without any other notable change in the patient’s condidon. It is 
especially in dehydration associated With obstruction to the gastrointestinal tract and with 
vomiting of hydrochloric acul that excessively high figures have been observed. Peters and 
Van Styke mention a case of pyloric obstruction with 'a NP.N. of 2 92 mg % and 
Volhard reported almost as high figures in severe diarrhea. If diuresis can be established 
by parenteral administration of salt solution, such figures can be speedily lowered. The 
persistence of a high N P N after an operation for relief of peritonitis or intestinal 
obstruction (if renal function as determined by phcnolsulfonephthalein excretion « 
good) is regarded as an unfavorable sign. The height of the NP.N. is one indication 
of the devastating effect of dehydration m such conditions, although less significant than 
the fall m chlorides (and rise m carbon dioxide) which accompanies the rise in NPN 
and which is probably us direct cause. High N.P.N figures are rarely long maintained 
in such conditions, since the latter usually terminate quickly, either with death or re- 
covery. (See section on blood chlorides and acid-base equilibrium ) 

Chronic passive congestion, if uncomplicated, causes little or no rise in N.P.N, unless 
it is extreme. If it develops in the course of an infection, or in an individual with some 
degree of renal injury, it may precipitate a marked and rapid rise in NPN There may 
be a sharp transient rise in N P N during or immediately after a diuresis which has 
eliminated an edema (from any cause), probably because the water of the edema Am 
can be excreted faster than the NPN. substances it contains, and the latter tempo«n y 
accumulate in the blood , 

An elevation of the NPN. m nephritis occurs only with marked renal msumcienry. 

It is a late symptom and of no value in the early diagnosis of nephritis. Experiments 1> 
a marked and sustained rise occurs only after about three-fourths of the hi ney tissu 
has been destroyed Focal lesions, therefore, must be very extensive before t e ^, 
cause a rise in NPN. In the case of diffuse glomerular nephritis, also, a out 
fourths of the renal function is lost before a marked nse in N-P N J* r t 

not a direct indication of the type of lesion in the kidneys, although hig 8 , 

often occur in the advanced stages of chronic glomerular ncp? ^‘" s ’ a " m % 

kidney due to arterial disease. In the terminal stages it may reach l , h may 

or even higher. If one can exclude some transient remediable c ™*?™ ”„* v ! 
raise the NPN., a figure over 100 mg. % makes *e “ f " 

ever, « is not the high N.P.N. in Itself which direct y ' feieSt pro- 

that such patients receive a diet adequate in caloric value 3 *1 j) R may be. 

ton to present wastage of body proton, regardless of h e ^ subslance „ h , £ fi 
Excessive protein restriction is harmful. The nature of the supp f h s)mp ionir 

causes uremia is still a complete mystery. It is ^i^dneys. 

may be due to leakage of essential substances through “ c “ 8 bt drawn without 

No valid conclusions as to the significance of a high N. . • 
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considering all the other available information about the patient, including the nature 
of his diet, the volume of urine, and the presence of infection, circulatory failure, or other 
significant complications Practically it is superfluous to determine both the N,PN. and 
the urea nitrogen. Urea nitrogen must be determined if the urea clearance is to be 
estimated, and the NPN. if the plasma proteins are to be measured, or if the liter is 
damaged. Otherwise it is immaterial which procedure is chosen. The significance of the 
N P.N in nephritis is discussed further in connection with tests of renal function (p. 846). 


Creatinine 


Procedure. (I) Pipet 10 ml Fohn-Wu filtrate into a test tube (2) Into a second 
tube pipet 5 ml working standard solution, and (3) add 15 ml distilled water (4) 
To tube 1 add 5 ml alkaline picrate solution, and (5) to tube 2 add 10 ml (6) After 
10 minutes read in the colorimeter 

As the intensity of the color in this reaction does not follow Beer’s law closely, to 
avoid gross errors the color of the standard and pf the unknown must approximately 
correspond If a high reading is unexpectedly obtained, the test should be repeated, 
using a suitably smaller volume of filtrate If this i< impracticable, immediately add to 
the unknown a suitable measured amount of diluent consisting of one part alkaline 
picrate solution and two parts water, and read in the colorimeter The calculations must 
be altered accordingly 
Calculation with photoelectric colorimeter 


Creatinine in mg per 100 ml blood = 


Readi ng of unknown X I 5 
Reading of standard 


With a visual colorimeter, if the unknown is set at 15, the reading of the standard 
divided by 10 gives the creatinine in mg per 100 ml. 

Reagents Standard Solution — Stock Dissolve 0.1 Gm. creatinine in 100 ml. of N/10 
hydrochloric acid 

Working Standard Solution Pipet 3 ml stock solution into a 500-ml. volumetric 
flavk, add 50 ml N/10 hydrochloric acid* and dilute to the mark with water Add a few 
drops of toluol as a preservative 

Alkaline Picrate Solution To 25 ml saturated picric acid solution add 5 ml 10 
per cent sodium hydroxide and mix 


Significance. It has been shown that the substance in blood which gives this 
color reaction is largely not creatinine, hut this does not affect the practical sig- 
nificance of the reaction. The normal figures arc from 1 to 2 mg % Creatinine 
is relatively little influenced by diet, or by cxtrarcnal conditions which may in- 
crease the N.P.N It is increased in caves of nephrms with marked impairment 
of renal function, rising about in parallel with the urea nitrogen Figures over 5 
mg °o in advanced chronic nephritis usually indicate impending uremia (sec p 
846) 

Uric Acid 


Procedure ( Tulin ) . (I) Pipe! 5 ml blood filtrate prepared from serum into a test 
tube graduated at 25 ml. (2) Into a similar tube pipet 5 ml working standard solution. 
(41 To each lube add from a buret 10 ml. urea-cyanide solution (poison) and mix (4) 
To each add front a buret 4 ml uric acid reagent, holding the tubes vertically. (5) After 
20 minutes dilute to volume, mix, and read in colorimeter 
Gih-ulauon with a phmi'clectnc colorimeter 


L’nc acid in mg per 100 ml 


Reading of unknown X 4 


Reading of standard 
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With a visual colorimeter, ,f the unknown is set at 20, the reading of the stands, d 
divided by 5 gives the uric acid in mg. per 100 ml. 

Reagents: ihuffw Solution. In a large (2-iiter) beaker put 75 Gm. sodium 
cyamde (reagent), add ;00 ml. distilled water, and stir until dissolved. Add 300 Gm 
ure3 and stir, adding gradually 4 to 5 Gm. calcium oxide. Stir for 10 minutes, and let 
stand overnight. Filter, and add 2 Gm. lithium oxalate, shake occasionally for two 
hours, and again filter. This keeps several months in the icebox. 

Lithium Oxalate In a 3-liter beaker put 50 Gm. lithium carbonate and 85 Gm 
crystallized oxalic arid. Pour on the mixture 1 liter of hot distilled water, and stir 
gently After liberation of carbon dioxide ceases, filter. The filtrate may be evaporated 
to dryness and the residue powdered; or the lithium oxalate may be precipitated by 
adding I liter of alcohol, and the mixture filtered through a Buchner funnel. 

Uric Acid ReageST In a 500-ml. Florence flask put 1 00 Gm. sodium tungstate 
(molybdate free, MaHmckrodt Chemical Co). To 150 ml. water add 32 ml 85 per 
cent phosphoric acid Pour this onto the sodium tungstate, shake, and boil for one hour 
under a reflux condenser. This may be improvised by putting in the mouth of the flask 
a 10-cm. funnel carrying a 200-mJ. flask of cold water. Add enough bromine water to 
decolorize, boil off the excess bromine, cool, and dilute to 500 ml. 

To test the reagent: In a test tube, put 5 ml. water, 4 ml. reagent, and 10 ml. urea- 
cyanidc solution, and let stand 15 minutes. If a blue color develops, adjust reagent by 
adding 5 Gm. sodium tungstate, boil for 15 minutes, decolorize with bromine water 
if necessary, cool, and dilute to 500 ml. 

Uric Acid Stock Standard Solution Dissolve 0 6 Gm. lithium carbonate in 150 ml. 
hot water, filter, and heat to 60* C. Weigh just 1 Gm uric acid on a watch glass, and 
transfer to a Miter volumetric flask using a small funnel, both the flask and funnel 
being warmed. Rinse m with the hot lithium carbonate solution, and immediately shake 
until dissolved (about five minutes). Cool under the tap, add 20 ml. 40 per cent 
formalin. Half fill the flask with water, and add a few drops of methyl orange. Add 
slowly from a pjpet, shaking constantly, 25 ml. N sulfuric acid. The solution should 
turn pink while 2 to 3 ml. of acid are still in the piper. Dilute to volume and mix. If 
stored in dark glass-stoppered bottles in the icebox, it is said to keep for several years. 

Working Stanpakd. Pjpet 1 ml. of the stock standard solution into a 250-ml. volu- 
metric flask and dilute to volume with water. Renew frequently (The stability of the 
solution may be increased by adding 10 ml. % N sulfuric acid and 1 ml. formalin be- 
fore bringing to volume ) . , 

Significance. Normal blood contains from 2 to 4 mg. % of uric acid. The uric an 
in the blood and tissue fluids is derived in part from the punns of the food (exogenous » 
and the balance (largely at least) from the disintegration of nucleic acid from the bo y 
tissues (endogenous). A diet high in purms has little effect on the blood uric acid in 
normal individuals, but increases it somewhat in gout and in nephritis, 
in purin-free protein, or in carbohydrate increases uric acid excretion, an 
blood unc acid On the other hand, 3 diet high in fat has the opposite e ^ 

raise blood uric acid to 10 or 12 mg. %. Starvation has a similar f dcfimttly 

is usually a moderate mcrease, from 4 to 10 mg. %. The figures arc : not 
abnormal, and may at times be reduced to some extent ■‘ t** W a moderate 
the administration of saltcylates or einchophrn In 'i 1 '" ‘ BlooJ „ I1C at ,d 

increase, esen in eases with only slight impatrmen. of renal be . 

may rise to 10 or even 20 mg. /„ in uremia. Hovvev , .sufficiency. High figures 

tween the height of the blood uric acid and the d y grcc ... leukemia, polycythemia, 

have been reported frequently in the toxemias ol J ^ of conditions- 

pneumonia, chronic passive congestion, and occasionally m * , than s high 

In general a normal blood urte acid is more valuable in excluding t, 
figure, in proving it. 
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Glucose 

Tests for the quantitative determination of sugar in the blood ate based on tis 
property of reducing cupric salts in alkaline solution. There are other reducing substances 
present in the blood, particularly in the cells, which contribute to the reaction, and 
make the blood sugar figures erroneously high, in the Fohn-Wu and other early methods 
the error ranged from 20 to 30 mg. % The new methods of Benedict, and of FohnAVu 
(which follows), reduce this to about 10 or 12 mg. /, and consequently give blood 
sugar readings about 20 mg % lower than the older methods, on which published 
statistics and discussions m the literature are based. This fact must be remembered in 
interpreting the results of the neiver and more accurate procedures. 

Determinations may be made cither on venous blood, as is the usual custom in this 
country, or on "capillary" (finger-tip) blood, as has been customary in Europe. Equally 
precise determinations can be made with blood from either source, but except in the 
fasting state they do not give identical results, venous blood containing less sugar than 
capillary blood, which is practically arterial blood. This is discussed in detail in con- 
nection with glucose tolerance tests. 

iblm-Wu Method (Applicable to Venous Dtood). (I) In a Folin sugar tube put 
2 ml blood filtrate (2) In a second tube put 2 ml single glucose standard solution, and 
(3) m a third tube put 2 ml double standard. (4) To each add 2 ml. freshly mixed copper 
tartrate solution (5) Heat in boiling water bath lor eight minutes. (6) Cool in water. 
(7) Add 4 ml acid molybdate reagent (8) After one minute dilute to volume with 
diluted reagent (9) Mix and compare in colorimeter. 

Calculation wall a photoelectric colorimeter, if the single standard was used: 


Sugar in mg. per 100 ml. 


Reading of unknown X 100 
Reading of standard 


With a visual colorimeter, if the unknown is set at 20. the reading of the standard 
multiplied by 5 gives the sugar m mg per 100 ml. 

Reagents standard solution or glucose (stock) In a volumetric flask dissolve 1 
Cm anhydrous glucose (Bureau of Standards) in 100 ml saturated benzoic acid solution 
1 ml = 10 mg It keeps for years 

intermediate standard Dilute 300 ml stock solution to 500 ml with benzoic acid 
solution Thu also keeps indefinitely 1 ml. 2 mg. 

wh bce working STANDARD Freshly dilute 10 ml of the preceding to 100 ml. with half 
saturated benzoic acid solution 1 ml. = 0.2 mg. 

single working standard. Dilute 5 ml of the intermediate standard solution to 100 
ml , similarly. I ml =01 mg. 

copper si i-Eate solution Dissolve 25 Gm. crystallized copper sulfate tn some water 
in a 500-ml volumetric flask, add 5 drops concentrated sulfuric acid, dilute to volume 
alkaline tartrate solution In a 1 liter volumetric flask put 35 Gm anhydrous sodium 
carbonate, add 200 ml. water, and shake until dissolved Add 13 Cm sodium tartrate 
(Merck’s highest purity) and 11 Gm sodium bicarbonate. Add about 000 ml more 
water, shake until clear, dilute to volume, and mix. 

alkaline copi-sr tartrate solution Prepare daily by adding 9 volumes of the alkaline 
urtratc solution to 1 volume of the copper sulfate solution. 

ACID molvedvi* reagent (/) In a i liter volumetric flask put 300 Gm. sodium 
molybdate, add about S00 ml water, and shake until dissolved Dilute to (he mark, hue, 
transfer to a bottle, and add 03 ml liquid bromine, shake, and let stand (2) In a large 
rtaik put 500 ml of the clear supernatant fluid, and add, while stirring, 225 ml 85 
per cent phosphoric acid Then add 150 nil cool 25 per cent (by volume) sulfuric 
acid, and let stand cncrn/glit Par* an air current through the solution to remove the 
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diluent. Add 1 volume of this reagent to 4 -volumes water. 

Folin’s Ferricyanide Micro-method. ( 1 ) fa , centrifuge tube put -I ml. iulfjte- 
tungstate solution. (2) Fill to the marl; a pipet accurately graduated to conlaia 01 ml 
with blood from the finger up (or vein), wipe off any blood that may adhere to [he 
outside of the pipet, and discharge the Wood into the tungstate solution. Rinse out the 
pipet with solution in the tube. Mix. (3) After 15 minutes or longer add 1 ml 
sulfuric acid-sulfate solution, mix, and centrifuge for five minutes. (4) Put 2 ml. of the 
clear solution and 2 mi water in a test tube graduated at 25 ml. In a similar tube put 
4 ml. standard glucose solution. (5) To each add I mi. 0 4 per cent potassium 
ferricyanide solution (2 ml. if a high blood sugar is expected), and (6) 1 ml cyanide- 
carbonate solution. (7) Heat in boding water bath eight minutes; cool in running water 
for two minutes. (8) Add 5 ml. ferric iron solution and mix. (9) After two 
dilute to the mark (adding 3 drops of alcohol to get nd of foam as the mark is ap- 
proached, if necessary) and mix. (10) Put standard solution in both colorimeter cups, 
set both at 20, insert yellow light filter, «md adjust light until they are exactly alike (11) 
Read unknown in the colorimeter. 

Calculation: 


Standard 

Unknown 


X 100 = mg. % glucose. ^For great precision: 


101 StandA 
Unkn. / 


This method gives proportionately accurate readings with the unknown solution 
within the range of 5 mm to 40 mm provided the light and color filter are properly 
adjusted It gives slightly higher readings than the preceding method. Without the 
fight filter it is necessary to prepare numerous standard solution tubes of varying con- 
centration, and use one that closely approximates the color of the unknown solution 
Reagents- sulfate tlngstate solution In a 500-mi. volumetric flask, put 10 Cm anhy- 
drous sodium sulfate, and 15 ml. 10 per cent sodium tungstate solution. Dissolve in water, 
fill to volume and mix. 

sulfuric acid In a 100-mi. volumetric flask put 12 ml % N sulfuric acid, and 2 
Gm. anhydrous sodium sulfate, dissolve, fill to volume with water, and mix. 

potassium ferricyanide solution Dissolve 2 Cm. pure salt m water, and dilute to 
500 ml. Keep in the dark in brown bottles. 

cyanide-carbonate solution Put 8 Cm. anhydrous sodium carbonate in a 500-m. 
flask, add 50 ml water, shake till dissolved. Add 150 ml. freshly prepared 1 per cent 
sodium cyanide solution Fill to the mark, mix, filter if necessary. , 

FERRIC iron solution Fill a 1 -liter graduate with water Put 20 Gm gum ghatti in 
tea ball, and suspend in the top of this water for 18 hours. Filter through a doub 
layer of clean towel. Add to the extract a solution containing 5 Gm. anhydrous e 
sulfate dissolved in 75 ml. 85 per cent phosphoric acid and 100 ml. water. To rem 
reducing substances jn the gum ghatti, add a little at a time about m • 
potassium permanganate solution, until the pinkish tint persists for som 
Turbidity if present will clear if kept at 37° C for a few days of 

standard glucose solution This contains 0.01 mg. per ml ° m] of 02 

the intermediate standard <B) prepared for the previous 

per cent benzoic acid and water to the mark. Keep under to uo c Cuf- 

yellow light filter. A suitable glass filter can be purchased (Spencer Lens Go, 

falo, N. Y.) 

Significance. The normal failing blood sugar 
blood) ranges from 70 to 120 mg. % by tbc older nre.hods, and from 
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the oxidauon of glucose or its decomposition products in the tissues. As a result ^ 
ot the last two functions, a hypoglycemia tends to develop, and this may lead to 
a secondary glycogcnolysis and depletion of liver glycogen. 

In the diabetic these functions of insulin in large measure are lost. There is a 
gross impairment of the capacity to form and store glycogen and to oxidize 
glucose. Fats also arc incompletely oxidized, and lipemia, ketosis, and acidosis 
result. It ts not yet certain which of these disturbances is primary. It has been 
commonly assumed that the primary defect in diabetes is the loss of the power to 
oxidize glucose, and that the other disturbances are secondary to this. This view 
is based in part on the low respiratory quotient (R.Q.) which is believed to indi- 
cate that only fat is being oxidized, and on the fact that the R.Q. is elevated by 
insulin. However, the R.Q. may be influenced by other factors than the composi- 
tion of the food mixture which is being oxidized, which arc difficult to control 
experimentally. There is considerable experimental evidence that the totally dia- 
betic animal retains to some extent the capacity to oxidize glucose and to form 
glycogen. Such facts have led some to believe that the primary disturbance is 
unrestricted gluconeogencsis, an overproduction of glucose, and that deficient 
oxidizing power is a secondary result. 

There is also controversy as to whether all cases of diabetes in human beings 
arc due to primary disease of the pancreas. Significant lesions of this organ are 
not uniformly found at autopsy. Some cases of diabetes arc unusually refractory 
to the therapeutic action of insulin. Progressive diabetes can be produced ex- 
perimentally in animals by repeated injections of anterior pituitary extract. Further 
study may show that some cases in human beings are due to overactivity of tw 
anterior pituitary. It seems improbable that true diabetes results from a primary 
disturbance of the thyroid, the adrenal, or the liver, although hyperglycemia and 
glycosuria occur in some diseases of these organs. 

Glucose Tolerance Test. The glucose tolerance test was devised as a clinica 
test of the integrity of the mechanism controlling the assimilation of glucose. The 
normal assimilation limit of glucose has been determined precisely in animals by 
continuous intravenous injections of glucose. If the rate of injection is 0 8 Gm. p tr 
kilogram per hour or less, no glucose is excreted in the urine. If the rate oftnjc 
tion is from 0.9 to 2.0 Gm. per kilogram per hour, some glucose is excreted, t c 
amount increasing as the rate of injection rises but not exceeding one-tent 
the amount injected. If more than 2 Gm. per kilogram per hour is injccte , a arg 
proportion of the excess over 2 Gm. is excreted. Since the maximum rate or a - 
sorption from the intestine never exceeds I 8 Gm. per kilogram per our, 
notable loss of glucose in the urine is to be anticipated after its adminis r 
mouth in any amount to a normal individual. 


more) 


When a normal individual cakes a substantial amount of 8'““' s of 

by mouth the blood sugar quickly rises. As it rises, it a „j muS cles. 

version of the excess of glucose into glycogen and its storage in _ „( 

This process goes on with increasing rapidity, and soon 


equals and exceeds the late 


absorpuon from the intestine. As a"resul, the blood sugar beg, ns to 


fall sharply and 
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abruptly (in 20 to 40 minutes), as a role before the rising renal threshold for glucose has 
been exceeded (sec p. 833). The storage process continues until the blood sugar (after 
the thud or fourth hour) has fallen well below the fasting level. 

To map out the course of the blood sugar precisely and particularly to determine 
the peak of the curse (which is maintained only for a few minutes) and the threshold 
level, if sugar is e'-cteted, it is necessary to obtain blood (and urine) specimens at fre- 
quent intervals, at least every 10 minutes. For these purposes finger-tip blood is essen- 
tial, because during ns circulation through the muscles of the arm the blood loses 
a large and variable amount of glucose The venous blood sugar at the peak (140 to 
160 mg ) is from 30 to 70 mg. lower than the capillary blood sugar (170 to 220 mg ) As 
the blood sugar falls, this difference diminishes, but the venous blood sugar remains the 
lower until the fasting level is regained several hours later. It is manifestly the capillary 
blood sugar level which determines excretion of sugar by the kidney, and which is the 
more significant figure 

In normal individuals increasing the amount of glucose administered above 50 Cm 
(to 100 or even 200 Cm ) does not, as one might expect, increase the height of the peak 
of the curve Increasing the amount of glucose administered does not accelerate the 
rate of absorption The storage mechanism, once in operation, can keep pace with 
the maximum rate of absorption However, such large amounts prolong the period of 
absorption and delay the fall in blood sugar to the fasting level. 

In diabetes the response is entirely different. The mechanism for storage of carbo- 
hydrate (as glycogen) is disturbed, at well as that {or ns oxidation. It is removed irom 
the blood very slowly, and as a result the blood sugar rises rapidly to a much higher 
level, welt above the rising threshold, the peak is flatter and more protracted, and the 
return to normal is much delayed, so that the blood sugar is still high three and four 
hours after the glucose administration In diabetes the height of the peak docs vary 
with the amount of glucose given, and there is less difference between the venous and 
capillary blood sugar. In mild cases every transition may be met with from a normal 
response to an outspoken diabetic curve. 

The diabetic response, then, differ* from the normal in two major respects The peak 
is higher and the return to normal is much delayed As a routine clinical procedure it 
is manifestly impracticable to make a sufficient number of observations to determine 
the peak precisely, and chief reliance must be placed on the delay in the return to normal 
This vanes materially with the dose of glucose administered The usual custom has 
been to give 100 Cm of glucose, or 1 75 Cm per kilogram; but this quantity may well 
lie somewhat in/unoui to an outspoken diabetic, and in normal cases it tends to obscure 
rather than emphasize the differences between a normal and a pathologic response 
The optimum dosage is lower, preferably I 25 Cm per kilogram The smaller quantities 
are also levs hkely to cause nausea The only disadvantage is that the current standards 
of normal are based on tests with the larger quantities, and the criteria for tests with 
smaller quantities must be somewhat more unct. After 1 25 Gm per kilogram the glu- 
cose m capillary blood returns to normal after two hour* (average) to a maximum of 
two and one half hours or, in elderly individuals, three hours The xenous Wood sugar 
reaches normal 30 to 60 minutes sooner Inereantig the dose to 1 75 Gm per kilogram 
prolongs ihe u me about one hour For determining the duration of the curve cumins 
lions of venniM blood arc satisfactory 

I'xottinu A glucose tolerance test should be earned out whenever diabetes is sus- 
pected It is usually inadvisable in frank cases The lest should be earned out in the 
morning, after a fast of 12 to 15 hours The patient must have been on an unrestricted 
diet for several days previously, otherwise * normal individual may yield an abnormal 
curve Use patient should rest quietly during the tcu. and emotional disturbance must 
be avoided (1) The patient’s bladder is emptied and the urine saved, and blood it drawn 
for sugar detcrausatiun, either from die vein or, preferably, from the finger if the 
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peak or threshold is to be determined. (2) The paacnl ;t er.:e drriel s s~Mta 
raining 1.25 Cm. glucose per kilogram of body iie'sht, dumb cd 
Tlij* may be flavored ssidi a hide lemon juice. (3) Cohect unr.e md b.oJ .t al- 
one hour, two hour., and three hour, after the patient has Uoen t-e E-yttne let.., 
hour .teamen t. tlie most important). If hjpoglyccmia is suspected, ccuia sjtcca 
after four hour, and Use hours also. (4) Make quantitat.se determieances d pae 
on all SJICC, mens The patient may be allotted to hate stater as desired, ta H 
clvc unul the test is completed 


Interpretation. A normal individual shots, a fasting blood 
100 mg. %. The maximum figure observed (usually at the one-half . 
docs not exceed 180 mg. % m venous blood (220 mg. % m capita, J-fl* 
may lie very much less, since the actual peak ,s only oeatstonall, otened 
^specimens are raken so infrequently. The figure drops ^bstanttaUytd.e^ 
after .thou, 


,CVS Sr"^’blood, and well below this after three hours (often to 60 mg. % a saw 
capi]fir,W ’ , 


ZT* amo,int of susar cxcrctcd in ,h , c u,inc J s o£ 'igit 

A ' h v ' urVC l’ racllcaUy cxcl “‘ i “ diabetes. No il7= __ ate 4 
A normal's- ‘ hc normal . The test is disturb^ ^ . a=tt=s=tfe« 
deviations from t ,, Particularly if it causes , ( __ r-== = -'"' n 


deviations from\ ,n , e Particularly if it causes .. • 
^sor|inon of gluco.^-dtsorptson and give a m,. _ , 


lit? E - 


SO as to delay indicating impairc . # 

pea A prolonged cur\c-rsy lasting blood suj . -e ..tUpti 

conditions in which a high^ of the ,»1. and ; •"f™- Z-^ - ™ 


ZZ - ijol » « k “ 

C4t=^^_G,i3 OS®®'’ 


*** wnicn a high x ot tnc-ijai, anu 
0 1 ,c 'I'yroid, pituitary, and add?. Some'tsm 

tension -s.,.1 t Prn<* 


ot d'»»i . 


tension and nephritis In 1°° Progressive 

■ ~*^ZStS>ps2‘ 

'(e that true :=r^; 5 .ue 


T*ll* 


jxrrr.it 10 
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T • ■ me 
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(according to Gould et al , at least 30 mg. %) in the final specimen. There is usually 
a substantial amount of glucose in the unne. If any two of these three criteria are 
abnormal, the test indicates the presence of diabetes. The precautions noted for the 
preceding method must be observed It is claimed that this method gives fewer mis- 
leading positive reactions 

Renal Glycosuria (“Renal Diabetes"). This is a condition characterized by die 
excretion of glucose in the urine of individuals who show a normal (or low) blood 
sugar, and no disturbance m the capacity to oxidize and utilize carbohydrate (low 
renal threshold). The glycosuria is independent of the diet, and may occur during a 
fast. It may be transient or continuous It is usually slight or moderate, but it may be 
marked. Glucose tolerance tests show normal or shortened curves. The condition is a 
constitutional anomaly which does not affect the health, shorten life, or predispose to 
diabetes Carbohydrates should not be restricted In its milder forms it is fairly com- 
mon. Precise differentiation from diabetes is most important, and may require a con- 
siderable period of observation. 


Chlorides 

Determinations of chtoridc in whole blood arc of less value than in serum or 
plasma because of the fact that the concentration of chloride in the cells is only 
about half that in the plasma, and differences in chloride content of whole blood 
due to differences in the volume of the cells associated with anemia or polycythemia 
overshadow those commonly met with in disease. However, chloride passes from 
the cells to the plasma when blood is exposed to the air, because of the escape of 
carbon dioxide from the blood. To avoid this error it is, therefore, preferable to 
collect the blood under oil and to remove the scrum as promptly as possible 
vv ithout exposure to the air, and this is essential for research accuracy. 

Procedure (Van 51yke and Scndroy). (1) Put in a large Pjrex lest tube I ml. 
plasma or scrum (or whole blood) which has been collected under oil and not ex- 
Jio'cd to the air until after separation from the cells (2) Add slowly with constant stir- 
ring I ml of the silver nitrate-nitric acid reagent (3) Cover mouth of the tube with a 
watch glass, and put in a steam bath or boiling-svater bath until the fluid over the 
silver chloride precipitate is clear and light yellow in color (Requires one to two hours, 
if necessary dccolonzation can be completed by adding, a drop at a time, a few drops 
•if saturated potassium permanganate solution ) (4) Cool to room temperature or 
lower (5) Add 6 ml 5 per cent ferric alum solution, or ( ml. water and 0 3 Cm. 
powdered feme alum (6) Titrate excess of silver nitrate with 0 02 N sulfocyanate solu- 
tion unlil a pink color is obtained tliat persists 15 seconds. The addition of 2 
ml nitrobenzene or chloroform before titration gives a sharper end point. 

Calculation 

71 X (7 54 — number of ml of sulfocyanate solution used) = mg Cl per 100 ml plasma 
(To express as NaCI, substitute 117 for 71 To express as m.W, substitute 20 ) 

Snvrx Nit* ati mt*ic Atm Rmust Dissolve 8 475 Cm fused silver nitrate in a mini- 
mum amount of water, and dilute to 1 liter with concentrated nitric avid (It keeps 
indefinitely ) 

002 N Siuocvawti Soli no v Dissolve 15 Cm. ammonium sulfocyanate in about 
ml water Check the strength of the solution by titrating against 3 ml of the 
wiser nitrate nitric acid solution and adjust so that just 7 54 ml arc required This solu- 
tion changes on standing and must be rrehttked frequently 
Whiuhorn's Method. Dcicnmnauun of the chlorides in tiholc Mood can be made 
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N/10 ramwm Ptnuqswu Soh-tivn (HiUtnoa <W to Dissolve 40m 
pousstum pcrmanganale tit I liter dislillct] ssalc,, m z Florence fot Put funnel n to 
moml. of the fad-, enter ttttlt a watch glass, heat barely in toiling, and dignt for 
setcral hours. Cool, let Hand o\crm s bl, and filler through glass tsool, or tfaoirfi 
iKUHed asbestos to a Buchner funnel, by suciinr,. Smre in brown glass-stoppered bottles 
m a dart place. After a preliminary period „£ rclatitely rapid weakening tins tolim 
keeps almost unchanged for many months. Its sirengtlt must be checked by otrjtton 
wuh W)0 sodium oxalate or oxalic acid solution and adjusted. (Theoretically it iWI 
contain 3.15S Gm. per liter,) 

N/100 Polonium Permanganate Solution. Dilute 10 ml. of the N/U) solution to 100 
ml, with (/milled water. This solution weakens rapidly, and its strength most bf 
checked daily. (It may not be filtered through juper. If turbid, centrifuge.) 

N/IQ Sodium Oxalate Solution. DissoKc 6.7 Cm. of die Sprensen «a!t in I Suer water 
containing 5 in), concentrated sulfuric acid. Thu keeps indefinitely 

NftQQ Sodium Oxalate Solution. Dilute 10 ml. of the N/JO sodium oxalate solution 
to 100 ml. with water This should be freshly prepared each week. N/100 oxalic acid 
solution may be used. 

The normal figure/ are 9 to U.5 mg. % for adults, and 10 to JJ.5 mg. % for children. 


Sicst/tc.tscr. Calcium occurs in scrum in two forms. One part (3 to 5 mg %), 
which appears to be physiologically inactive, is kept in solution by a combina- 
tion with plasma proicw, and is diminished in any condition in which plasma 
protem is diminished. The balance, which is the physiologically acthe calcium, be- 
hates as if it existed in plasma as Ca,,(P0 4 )j in saturated solution in contact «rtb 
umftssolscd Cajfl’O,)^ (in the bones). Anything which causes a change in the 
amount of either calcium or inorganic phosphorus in the plasma causes a re- 
ciprocal change in the other, by abstracting it from, or depositing it in the bones, 
which act as a storehouse for these elements. Thus, administration of soluble 
calcium salts (CaCb) tends to raise Wood calcium, and indirectly lower blood 
phosphorus, whereas administration of soluble acid phosphates tends to raise 
blood phosphorus, and lower calcium. To interpret the significance of changes in 
blood calcium, it is therefore necessary to know the amount of both total plasm 3 
protein anJ inorganic phosphorus present. These changes are discussed more 
fully in contunction with phosphorus in the following pages. 


Inorganic Phosphorus (D'ske and Subbarow). Pipet 2 ml dear scrum into * . 

flask-, and add slowly S ml 10 per cent trichloracetic acid. (2) Mix, and * 

Whatman acid-washed fiber paper No 30, (3) Pipet 5 ml. filtrate into a rn . ^ 

flask (4) Pipet 5 ml standard phosphorus solution into a IW-ml. 'olomcm ^ 
add about 65 ml. water. (5) To the filtrate add I ml molybdate 
the standard add 10 ml. molybdate solution No. 1, and rnix. O ... jj uK 

ml aniinonaphtholsulfomc add reagent, and to the standard, add \ 
both to volume, and mix. <8) After five minutes read in colorimeter. 

Calculation, if photoelectric colorimeter i< used. 


4 X Re ading of unknown 
mg. ° a V~ Reading of standard 

With a usual colorimeter, if the uttUossn is set at ffl. the readme of the sun 
divided by S gives the phosphorus In mg „£ trichloracetic zad 0 
Reagents: tsiculoracetic acid solution A tu pe 
used. 
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sulfuric acid solution To 650 ml. water add 225 ml. concentrated sulfuric acid. This 
gnes a ION solution. 

molybdate solution no i. In a 1-Iiter volumetric flask dissolve 25 Cm ammonium 
molybdate in about 200 mi. water, add 500 ml 10 N sulfunc acid, cool, dilute to the 
mark, and mm. 

mom boats solution no 2 Prepare as above, using 300 ml. 10 N sulfunc acid 
amin onaphtholsulfonjc acid REAOENr Dissolve 05 Gm aminonaphtholsulfonicacid 
m 195 m! 15 per cent sodium bisulfite solution in a 250-ml. glass-stoppered bottle; 
add 5 ml. 20 per cent sodium sulfite solution, and shake until dissolved If nccasary 
add 1 ml, more of the sodium sulfite solution. This must be freshly prepared every 
two vveehs 

standard riiosniORL'S solution In a l'li ter volumetric flask, put 03509 Gm. mono- 
potassium phosphate and dissolve m some water. Add 10 ml. 10 N sulfuric acid. Dilute 
to die mark and mix This keeps well 

Significance The normal figures jor inoigan'tc phosphorus in serum or plasma 
in adults range from 2 5 to 5 0, usually about 3 5 mg. per 100 ml., and in children 
from 4 to 7, usually about 5 mg. %. The phosphorus in organic combination in the 
blood, particularly m the red cells, is far greater than the inorganic phosphorus, 
but thus far no information of practical clinical value has been obtained from 
its estimation This method, if applied to whole blood, includes a large amount 
of acid-soluble organic phosphorus from the cells, and gives figures which are far 
higher than for serum and are at present meaningless. The figures which follow 
refer to inorganic serum phosphorus. 

Significance of Blood Calcium and Inorganic Phosphorus. The amount of 
calcium phosphate dissolved in plasma is about three times the quantity which 
will dissolve in an aqueous solution having the same salt concentration and pH 
as the plasma Its greater solubility in plasma is attributed to the action of the 
parathyroid hormone. Most conditions showing abnormalities in blood calcium 
which arc not merely secondary to reduced plasma proteins or to primary changes 
in phosphorus arc attributable to disturbances of parathyroid function. Injec- 
tions of parathormone, or spontaneous hypersecretion of the parathyroids met 
with in adenomas of these glands, cause a marked rise in blood calcium, to 14 to 
18 mg. %. Tins is associated with increased excretion in the urine and with 
extensive decalcification of the bones, which may lead to diffuse osteoporosis, 
multiple localised rarefied cystic areas, and spontaneous fractures. There is often 
pathologic deposition of calcium in other tissues and formation of renal calculi. 
There is muscular weakness and hypotonia. The phosphorus is usually low, but 
after large doses of parathormone it also may be high, indicating apparently a 
greatly increased solubility of Ca s (PO*) 2 . Huge doses of vitamin D have a similar 
effect in animals and in man. The condition may be cured by removal of the 
tumurs A similar high calcium-low phosphorus ratio may occur in myelomatosis 
ami malignant metastaves to the bancs. 

ll)popjrath\ToiJum, which may occur spontaneously or after parathyroidec- 
tomy. causes a fall in blood calcium and a rise in phosphorus. 1/ the calcium fills 
to " mg * fl , tetany ensues, ft i* relieved by the injection of calcium wits or 
parathormone or by administration of acids. Alkalies have the opposite clfcct Vita* 
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min D is ineffective. (Tetany is not produced when the fall in calcium is due to 
protein depletion. Ttftany may also be the result of alkalosis, without change in 
calcium; see section on acid-base balance.) 

In nc\ets there is usually a low phosphorus, with an approximately normal 
calcium. Less often the phosphorus is about normal and the calcium is reduced. 
(Sec section on Rickets.) 

In osteomalacia of adults, seen chiefly in pregnant women, the same conditions 
as in rickets appear to exist. In healing fractal es phosphorus is often high, calcium 
about normal. High calcium has been reported in polycythemia vera . Low calcium 
often occurs in chronic diarrhea. 

In advanced nephritis with acidosis there is a rise in phosphorus, even to 20 mg 
%, with a reciprocal fall in calcium. It approximately parallels the rise in creatinine. 
Figures over 8 mg. % indicate impending uremia. Tetany may occur, but is rare. 

High phosphorus also occurs in cases of vomiting which lead to marked chlo- 
ride depletion. 


There is a transient fall in phosphorus of about I mg. % after the ingestion of glucose, 
while the latter is being removed from the blood stream. This is attributed to a com- 
bination of glucose with phosphoric acid, which appears to be an essential step m the 
storage and utilization of glucose. This fall in phosphorus does not occur or is lessened 
or delayed in diabetes, and observations of blood phosphorus have been suggested to 
supplement those of the blood sugar in glucose tolerance determinations. A similar 
fall in phosphorus occurs after injections of insulin or epinephnn. 

More information is obtained by a study of the total calcium and phosphorus 
metabolism than merely from blood analyses. This requires precisely regulated diets and 
quantitative estimations of calcium and phosphorus in both urine and feces oier sub- 
stantial periods and is impracticable except for research purposes. 

Alkaline Phosphatase (Green-Bodansky). About 7 ml. blood are allowed to clot at 
room temperature As soon as possible after coagulation, the tube is centrifuged and the 
serum (which must be clear and colorless) is pipetted off. The analysis should be ma e 
at once, but may be postponed a few hours without gross error if the scrum is chilled m 
ice water. (The results are likely to be somewhat too high.) Gross errors are h ey 
if the blood stands for some hours in a warm laboratory. 

(1) Into tube 1 (blank) pipet 2 ml. serum, (2) add -1 ml. sodium-barbital so ution, 
and (3) 1 ml. water. (4) In tube 2 (test) pipet 1 ml serum, (j) add 2 ml • D ® 
barbital solution, (6) 5 ml. water, and (7) 1 ml. glycerophosphate solution. W » 
stopper the tubes, and incubate in a water bath at 37° C. for j'usr two hours, o 
time and the temperature must be accurately controlled. (9) Cool m ice ^ 

minutes (10) Add 6 ml. 20 per cent tnchloraceuc acid to each and mix IW 
tube I add 2 ml. glycerophosphate, and mix. (12) After 30 minutes for 

Whatman No. 30 filter paper. (13) Determine the phosphorus in the W 
ordinary phosphorus determination (p. 782). 

Calculation for blank if photoelectric colorimeter is used: 

4 X Reading of filtrate X 3 
Mg f a P = R eat jj„g 0 f standard X 2~ 


For blank if visual colorimeter is used. 

4 X Re ading of standard X 3 

Mg. / P Reading of filtrate X 2 
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For test (tube 2) with photoelectric colorimeter: 


Mg %P = 


4 X Reading of filtrate X 3 
Reading of standard 


For test (tube 2) with visual colorimeter: 


Mg. % P = 


4 X Reading of standard X 3 
Reading of filtrate 


Phosphatase In '‘units** = (mg % P in tube 2 minus mg. % P in tube 1) X 55 

One "unit” is the amount of ferment which will liberate 1 mg phosphorus from its 
organic combinations in one hour, under the conditions of the experiment 
If a high content of phosphatase is expected or found, the filtrate at step 13 should 
be sufficiently diluted with 10 per cent trichloracetic acid so that it will about match 
the color of the standard phosphorus solution m the subsequent determination, and 
the calculation adjusted accordingly. 

Reagents sodium barbital solution Dissolve 206 Gm. sodium barbital in 100 ml. 
water Store in the icebox. 

click non iospi i ate solution Dissolve 3 Cm sodium beta-glycerophosphate in 100 ml 
w atcr Keep in the icebox This keeps two to four weeks 

Significance. Phosphatase is a ferment or group of ferments found in large 
amount in actively growing bone, which will split phosphate esters tn vitro and 
which appears to bring about the deposition and absorption of calcium phosphate 
in bone. It is found in smaller amount m some other tissues and in the blood. The 
amount revealed by this method in normal blood ranges from 1.5 to 4 5 units. It is 
higher in children (5 to 14 units) than in adults. It is increased (from 3 to 10 
times the normal) in generalized osteoporosis, m osteosclerosis, in hyperpara- 
thyroidism, and in the active stages of rickets and Paget's disease, even in cases 
in which the scrum calcium and phosphorus are within normal limits. It may, 
therefore, be of considerable diagnostic value. An increase has also been reported 
in jaundice, particularly in obstructive jaundice Phosphatase may also be increased 
(usually to a less degree) in myelomatosis and in metastatic carcinoma of 
bone. 


Aad Phosphatase (Method of King and Armstrong (for Alkaline Phosphatase) 
Adapted by Guiman, Gutman and Robinson, 1940), (1) Into each of 2 test tubes (one 
marked "test," the other "control,**) put 10 cnl. buffered substrate solution, and put in 
water bath at 37* C for five minutes. (2) To each tube add 0 5 ml. clear fresh serum or 
plasma free from any tinge of hemoglobin (3) To the tu3>e marked "control" add im- 
mediately 4 5 ml diluted phenol reagent, mix and fiber (4) Stopper the tube marked 
'•test,** mix and pul in water bath at 37’ C. for exactly three hours. (5) Remove ‘test** 
tube from water baih, immediately add 4.5 ml. diluted phenol reagent, mix, and filter 
(6) Transfer 10 ml of each filtrate to dean test tubes (7) In a third tube put !0 ml mixed 
standard phenol solution and reagent (prepared at directed below) (8) To each tube 
add 25 ml 20 per cent sodium caibonate solution, and put in water bath at 37* C for 
twe minutes, until color develops (9) Remove from water bath, cool, and read w 
colorimeter 

If the color in the lube marked "test" i* very dark, to get accurate results tt » 



786 


EXAMINATIONS OF BODV FLUIDS AND ORCANS 


"cccsa'yto repeat the entire test, using In the tube marked “test" 0 5 ml of term 
so diluted that it will give a color approximately like that In the standard tube. Due 
allowance must be made for this dilution in subsequent calculations. If, howeter, it 
sulhces tor purposes of diagnosis to know merely that the phosphatase is markedly is- 
creased, this may be omitted. 

The result is expressed as units per 100 ml. of scrum, one unit being the actiiily 
required to liberate 1 mg. of phenol under the conditions of the test. 

Calculation, if a photoelectric colorimeter is used: 

Units of phosphatase per 100 ml. = — ggjSlliSi Reading of control 

Reading of standard Reading of standard 

Solutions, buffered substrate 0.005 M monophenyl phosphate in 0.1 M citrate, pH 49 
This is prepared just before use by mixing equal parts of Solutions A and B. Reched pH 
Solution A. Dissolve 1.09 Gm. disodium phenyl phosphate (Elmer and Amend) in 50 
ml water. 

Solution B. Dissolve 42 Gm crystalline citric acid in water, add 376 ml. normal sodium 
hydroxide and dilute to 1 liter Adjust pH to 4 9 using nitrazine as indicator. Stoic 
both solutions in tightly stoppered bottles in the icebox 
phenol reagent In a 1500-ml flask dissolve 300 Gm. sodium tungstate and 25 ( 
sodium molybdate in 700 ml water, and add 50 mi 85 per cent phosphoric acid and 
ml. concentrated hydrochloric acid Boil for 10 hours with a reflux condenser, the stop 
of which is wrapped with tin foil Add 150 Gm. lithium sulfate, 50 ml. water, and a J 
drops of bromine and boil for 15 minutes without a condenser. Cool and dilute ti 
liter. 

Before use dilute one part of solution with two parts of water. 
anhydrous sodium carbonate solution Prepare a 20 per cent solution of anbjdn 
sodium carbonate 

standard phenol solution Dissolsc 1 Gm phenol crystals in N/10 hydrochloric ai 
to make a liter To standardize' Put 25 ml of this solution in a 250-ml. flask, add 
ml. N/10 sodium hydroxide, and heat to 65° C Add hot 25 ml, N/10 iodine solutu 
stopper flask, and let stand 30 minutes. Then titrate the excess of iodine with N/ 
thiosulfate solution. Calculate from this figure how ’\.the,„„ J mus J, 

diluted to gi\e a concentration of just 10 mg. in lf() ml (The undiluted solution 
about ten times this concentration.) One ml. Jj/10 iodine corresponds to 1“' ^ 
phenol. Therefore if the solution is exactly correct, the 25 ml. of standard so utw 
titrated will combine with 1596 ml. of the hj/]Q iodine solution, and 9.04 ml. o ^ 
thiosulfate will be required to neutralize balance of the iodine. The vo umc^ 
which 100 ml of the strong standard must/ be dl i utc d is 40 times the \alue of »«* * 

25 X (25 — No ml. ofthiof. u if atc use d) 
equation w = 15% f * 

Store the diluted standard in the icebox { j t ^ cC p S three months. , . j pj. 

mixed standard phenol solution ant « reage nt Prepare this daily by a 
diluted standard phenol soluUon to 45 rri , d,] ut ed phenol reagent. substituting 

Acid phosphatase may also be detern^j by the Bodansky metho y 
the acid (citratc)rbuffer for the alkaline W sodlum barbital) ™e ngu a 

by the modified Hodansky procedure a ** ^j,ff cren t from (usually abou e job- 

by the Gutman method As the rchabih^. q £ tbe latter method is m 
Iished, it must be regarded for the present ^ ( j ic mC thod of choice. rraIJC result 
In inexperienced hands, phosphatase d ^ tcrnnna tions are apt to an d 

Close attention to^ details is essential, P ar * ticu j ar ly with respect to phosphata* 

temperature of incubation. Hemolysis causes^ # mjs]ca d,ng increase m « 
whereas the activity diminishes on standing, par.. ncuIar j y at ro om temperas 
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Significance. Normal scrum contains small amounts of acid phosphatase (de- 
rived from tissues other than the prostate), usually less than 3 units. Values from 
4 to 6 units are border-line, from 6 to 10 usually significant, and above 10 always 
pathologic. A significant increase is practically limited to cases of carcinoma of the 
prostate m which bone mctastascs have taken place and is observed m from 75 to 
85 per cent of such cases. Occasionally an increase may be found before clinical 
or roentgenologic evidence of mctastascs can be obtained. (Alkaline phosphatase 
may also be increased ) There is usually a marked fall follow mg castration or the 
administration of estrogens in such cases, and this has been used as a guide to 
such treatment. A rise is very rare m any other diseases, including diseases such 
as Paget's and metastatic carcinoma (in bone) from other sources. The test is of 
no value for the early diagnosis of prostatic carcinoma. 

Plasma Proteins 

Procedure. Serum (or plasma) which musr be free from hemoglobin is centrifuged 
until clear Serum is preferable, unless fibrinogen is to be determined, as oxalate is 
somewhat disturbing 

Total Protein Into a 50-ml volumetric flask pipet I ml serum (or plasma) and 
dilute to the math with <!*> per tent salt solution Transfer 1 ml diluted serum to a 
Pyrex digestion tube graduated at 35 and 50 ml. (Tube 1) 

Alsimin All procedures must be carried out at incubator temperatures To l ml 
scrum (or plasma) in a 50-ml graduate add 30 ml. 222 per cent solution of anhydrous 
sodium sulfate, mix, stopjier, and let stand in the incubator at 37* C. for three hours 
or more Filter repeatedly through a fine grade of filter paper until perfectly clear. 
Transfer I ml of filtrate to a Pyrex digestion tube (Tube 2) 

Firmnocen If desired, this may also be determined To 05 ml plasma in a 50-ml. 
graduate add 45 5 ml of 09 per cent salt solution and I ml of 2 5 per cent calcium 
chloride solution Mix and let stand about an hour With a fine-pointed glass rod, de- 
tach the fibrin clot and transfer to a drv filter pajier, squeezing out the fluid by ro- 
tating the rod Transfer the clot to a Pyrex digestion tube (Tube 3) 

Digestion 0) To each tube, add 1 ml 50 per cent sulfuric acid and a few chips 
of porcelain (2) Heat to boding over a micro-burner until the water has been driven 
off and dense white fumes appear (3) Co»er with a watch glass and continue heating, 
so that the mixture boil* vigorously, continuing for (our minutes (4) Remove flame and 
allow to cool for one minute (5) Remove the watch gtavs and with a fine piper add 
0 5 ml saturated persulfate solution (6) Rqdace burner and bod gently about one 
minute, until coloiless Repeal steps 4, 5, and 6, adding an additional 05 ml of persulfate 
volution (7) Cool and dilute to 35 ml. (H) Piper 3 ml standard nitrogen solution con- 
taining 015 mg. of nitrogen (as used in determining NPN ) into a 50ml volumetric 
flask. add l ml of 50 per cent sulfuric acid, I 0 ml persulfate solution, and water to a 
volume of about 30 ml. (9) To the Aa»k and each of the tubes add 3 to 5 drops of gum 
gbatti volution, and mix (10) To each add 15 ml Kessler's solution, and dilute the 
standard solution to die mark with water (II) Mix and read in the colorimeter 
before making the readings in the colorimeter, inspect the volutions carefully and 
discard if there is die slightest opalescence or turbidity Tins difficulty can often be avoided 
by washing die solutions (following step 6) mto 50-ml. volumetric flasks, diluting to 
atiMUi ml, shilling them and alvo the Nesdtr’s solution before nesilcnzmg (step 10J, 
and by keeping the volution* whirling briskly in the flask* while rapidly pouring in die 
Newlcr V wduiton from a graduate. The reading* mu*t be made widioul delay, preferably 
after about 5 minutes. 
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Determine the nonprotein nitrogen m the serum by the usual method. 
Calculation, if a photoelectric colorimeter is used: 


Per cent protein ts 
With a visual colorimeter. 
Per cent protein = 


f ( Unknown X 

0.15 X 

100 > 

)— N.PN.j 

! 6,25 

£ \ Standard 

X 

v; 

X - 

1 1000 

f / Standard X 

.15 X 

I00> 

( — N.P.N.J 

625 

[ \ Unknown 

X 

— . 1 
v / 

1 x 7ooq 


V = volume of serum; 002 ml in case of total protein, 00323 in the case of al- 
bumin, and 0 5 ml for fibrinogen. 

Total protein — albumin = rlnhul!" 


which 


JS - i - ••***« »» must iikeiy to occur. 

.As the fibrin from l mi. of normal blood contains from 0.4 to 06 mg nitrogen, it 
may be necessary also to set up a second Bask containing double the quantity of 
standard nitrogen solution in step 8. 

Reagents: Sulfuric Acid A 50 per cent by volume dilution is used. 

Saturated Persulfate Solution. Put 6 to 7 Gm. potassium persulfate (nitrogen free) 
in a bottle and add about 100 ml. distilled water To insure saturation, some undis- 
solved crystals should remain. This should be renewed every few weeks. 

Saturated SoPium Sulfate Solution* Dissolve 22.2 Cm. anhydrous sodium sulfate 
in about 80 ml. water by heating, rinse into a 100-ml. volumetric flask, and dilute r 
the mark with water at 37* C. 

Gum Gkatti Solution See p. 767 for the preparation of this solution. 

Oti/er Reagents. The other reagents are those used in nonprotein nitrogen di 
terminations. 


Significance, There is from 0.25 to 0.4 per cent fibrinogen in normal blooi 
plasma. It is formed solely in the liver. Its normal function appears to be limitei 
to the production of blood coagulatton. It is increased in most acute infections anc 
inflammations, and in conditions in which there is destruction of body tissue. I 
is reduced in cases of extreme liver injury, but may be normal or even increase 
in cases showing extensive but not maximal degrees of destruction of hver tis- 
sue. It is, therefore, of little value as a test of liver function. 

Normal plasma contains 7 per cent (63 to 8 0 per cent) of total protein, o 
which 4.4 per cent (3 8 to 5.2 per cent) is albumin, and 2.6 per cent (2.0 to 3 pec 
tent) is globulin (including 0.2 to 0.3 per cent of Ebtinogcn). The normal albumin- 
globulin ratio is 1-7 (1.45 to 2.2). 

It has been shown, particularly by Whipple and associates, that the plasma P 
terns constitute a part of the body store of protein, and can be wit " 
the blood and utilized by the tissue ceils in case of need. Injections o 
plasma satisfy the needs of the cells completely and maintain mtroge q foJ _ 
in a starving animal. Conversely, a deficiency of plasma protein, s c ^ 


low bleeding, may 
Another important function 


2U. VaMUYt-Uti/) ** 1 I * .. 

be restored by withdrawal of protein from the « • 


control the distnittuon oj'funt 


the 


Another important Junction is iu • • , ot pass 

capillaries anj the tntercellular tissue space. The plasma pco.ems do P 
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through the normal capillary endothelium (the intercellular fluids contain prac- 
tically no protein), but exert a colloidal osmotic pressure or “oncotic” pressure (of 
21 to 29 mm. Hg) which tends to draw fluid from the tissues into the vessels 
This, it is believed, normally counteracts the effect of the hydrostatic pressure 
within the vessels, which tends to force fluid into the tissues. In the arterial end of 
the capillary loop the hydrostatic pressure prevails, and fluid passes into the 
tissues. In the venous end normally the colloidal osmotic pressure of the proteins 
is the greater, and the lost fluid is recovered. Albumin exerts about four times as 
great a colloidal osmotic pressure as globulin (per Gm.) and changes in it are 
of primary importance. Edema commonly occurs in any condition in which there 
is a substantial fall in plasma albumin. The critical point is 2.5 per cent albumin 
or 55 per cent of total protein (Peters and Van Slyke). 

Fluctuations in total protein occur as a result of changes in plasma volume. A 
marked increase occurs with dehydration , as after protracted vomiting or diar- 
rhea; in cholera, eg., it may rise to U per cent. A slight decrease (to about 6 per 
cent) occurs in the first six months of pregnancy. A decrease occurs after protein 
starvation (“war edema'’) and in a great variety of wasting diseases. Marked de- 
creases m albumin occur commonly in " nephrosis /' including amyloidosis, and in 
the active (nephrotic) stage of hemorrhagic nephritis, often falling to 2 per cent 
and even to less than 1 per cent. The globulin as a rule is not significantly reduced, 
and may even be increased As a result the albumin /globulin ratio Jails and may 
■be reversed. One factor causing the low plasma protein is the loss of albumin in 
the urine, which in these conditions often amounts to JO Gm. (up to 25 Gm or 
more) per day Malnutrition is also a factor. 

Low plasma albumin and an inverted A/G ratio also occurs in advanced disease 
of the hver . There is much evidence that the plasma albumin (and possibly also 
the globulin) is synthesized in the hver. 

The administration of sodium chloride markedly aggravates the edema, and 
rigid salt restriction helps to control it. Nothing is known as to the mechanism 
of this action. Dirts high in protein (90 to 120 Gm. per day), even in cases of 
active nephritis, raise plasma albumin substantially (but usually not to normal) 
and often revolt in elimination of the edema and marked subjective improve- 
ment. These quantities do not appear lo damage the kidney or lower renal func- 
tion. The reserve protein of the body appears to be depleted m these conditions, 
and large amounts of protein may be taken and stored without increase in the ni- 
trogen excretion in the mine. However, albuminuria, a lowered plasma albumin, 
and a tendency to edema persist, unless a spontaneous remission or recovery oc- 
curs 

Increase in globulin, especially fibrinogen, occurs in acme infections, including 
those associated with acute nephritis, and may partly mask the effect of the reduc- 
tion in albumin. It is especially marked in kala-aur (tj.v ) Globulin is also in- 
creased in carcinomatosis and especially iu myelomatosis. This increase is a major 
factor m earning the accelerated sedimentation rate of the red cells seen in these 
conditions. 
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Edema may occur, with notmal plasma piotein, as a result of increased Intra- 
capillary pressure (local stasis, the chronic passive congestion of myocardial 
failure); or of damage to the capillary walls which permits protein to leak into the 
intercellular spaces and to neutralize the effects of the colloidal osmotic pressure 
of that left in the vessels (inflammatory processes, angioneurotic edema). It may 
also follow the administration of excessive amounts of alkali. 


Cholesterol 

Procedure. (1) Pour about 17 ml. sohent into a 25-ml. volumetric flask and add I ml 
serum slowly while rotating the flask. (2) Bring to boiling in a water bath. Remove 
a moment and again bring to boiling. Remove and again reheat. (3) Cool in runninj 
water, bring to volume with solvent, mix, filter through S. and S. fat-free filter, anc 
stopper. (4) Pipet 5 ml. filtrate into a Pyre* test tube and add a Hengar crystal (5) 
In a second tube put 5 ml. working standard solution, containing 0 4 mg. cholesterol 
and in a third tube 10 ml. standard solution. (6) Put tubes in a beaker of hoi 
(nearly boiling) water, and let stand until the volume is reduced to about 0.5 ml. (but 
not dry). (7) Add I m! chloroform, and evaporate until the residue appears to be 
just dry. (Do not overheat.) (&) Remove tubes from the beaker and cool. (9) Add 10 
ml. chloroform to each, stopper loosely, and let stand five minutes m a water bath at 
25“ C. (10) Prepare reagent, and add 4 ml. to each tube at one-minute intervals. Mix 
and stopper (11) Let stand just 10 minutes at 25° C. (12) Read in colorimeter, using 
light of 625 m/x wave length 
Calculation, if a photoelectric colorimeter is used: 


Mg. % cholesterol = 


Reading of unknown X 200 
Reading of standard 


With a visual colorimeter, if the unknown is set at 20, the reading of the standard 
multiplied by 10 gives the cholesterol in mg %. 

Reagents Solvent. Mix 3 parts dehydrated alcohol with I part anhydrous ether. 

Chloroform (Reagent, Dehydrated) 

Cholesterol Reagent Prepare just betore use. In an Erlenmeyer flask put 4 ml. acetic 
anhydride for each tube in the series plus 2 ml. While holding the flask under running 
water, add slowly 0 1 ml. concentrated sulfuric acid for each I ml. acetic anhydride. 

Standard Solution, Stock Dissolve 400 mg. cholesterol in 250 ml. chloroform in a 
volumetric flask 1 ml =16 mg , 

Working Standard Solution Dilute 5 ml stock standard solution to 100 m 
chloroform Store in the icebox in a glass-stoppered bottle. 1 ml = 008 mg. 5 ml. - 
mg 


Significance. The normal figures for cholesterol in whole blood and serum 
usually range from 150 to 250 mg. per 100 ml. Very little is known as to the func- 
tion of cholesterol in the body. It is supposed to be concerned in the absorption 
and metabolism of fat. Although an alcohol and not a fat, it is classed as a 0 
lipoid (along with neutral fat, fatty acids, phosphatids, etc.), of "hici it oom» 
constitutes about 20 to 40 per cent. It occurs partly as free cholesterol (40 to 
cent), and as cholesterol esters of fatty acids. . . j n . 

Blood cholesterol is little affected by the fat content of the diet, u 
creased by the administration of foods rich in cholestero or in %cge a 
It is reduced m acute febrile infections, in most cases of malnutrition and cactie 
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and in set ere anemia (although the blood fat may be high). In pernicious anemia 
it may fall to 70 mg. %• It is slightly high in pregnancy. Increases have been 
reported m cases of cholecystitis and gall-stones when obstructive jaundice is 
present, and in some cases of arteriosclerosis 

A marked increase in cholesterol , up to 350 to 600 mg. % (and also of fat), 
is frequent in diabetes, particularly in severe cases with a tendency to ketosis, 
falling rapidly under insulin treatment. 

Marked increases of cholesterol (and all other lipoids) arc seen in " nephrosis " 
and the nephrotic stage of active nephritis In these diseases considerable choles- 
terol is excreted in the urine, and it constitutes the doubly refractile granules 
that may be seen in the renal tubular epithelial cells. In oiher tjpes of nephritis, 
blood cholesterol is usually not increased. High cholesterol has also been reported 
in cases of generalized xanthomatous, both in the diabetic and nondiabctic type, 
and in some cases of Cbmtian-SchuHer disease. It is much increased in myxedema 
(an important diagnostic point), and is diminished in hy pert hjrotd ism. 


Cholesterol Esters 


Procedure* (I) Pi pet into a small beaker 10 ml filtrate prepared as for determination 
of cholesterol (Meps I, 2 and 3) (2) Add 1 ml digitomn solution (3) After a few 
minutes evaporate lust to dryness over a water bath (4) Add about 12 to 15 ml 
petroleum ether and boil for a minute or two over a water bath Decant the petroleum 
ether into a clean small beaker In a similar manner extract the residue twice more 
with petroleum ether, adding these fractions to the second beaker containing the first 
petroleum ether extract. (5) Evaporate these combined extracts just to dryness over a 
water bath (f>) Add about 3 ml chloroform to the residue and bring to gentle boding 
Decant into a Kkml glass stoppered graduated cylinder Repeat the extraction once or 
twice more with small amounts of fresh chloroform, but take care that the total volume 
of the three fractions docs not exceed 5 ml Cool, bring volume to the 5 ml mark in the 
cylinder with chloroform (7) In a second cylinder or tube put 5 ml working 
standard cholesterol solution, (fc) Proceed with steps 10, 11, and 12 in the determina- 
tion of total cholesterol 

Calculation, using the photoelectric colorimeter 


Cholesterol esters in mg 


Reading of unknown X 100 
Heading of standard 


With vmul colorimeter 


Cholesterol evicts 


Reading r>/ standard X I(W 
mg. y B ~ - i i .... , , . 

Reading of unknow n 


Total cholcvicrol - cholesterol t sterv = free cholesterol 

In this test, die free cholesterol combines with the digitonm to form a compound 
insoluble in }>etroleum cihtr, whereas ihc ester* arc dissolved and removed 

\mtionm Risc.rvts. Vetroleum tlhrr and a 1 pet eent solution of digiiomn in ‘>5 
)<r cent alcohol are used 

The eslcnution of the free cholrstciul it believed lu lake place in die hicr Normally 
from 40 t„ (ft per cent of the tola) cholesterol is m die form of ester*. In cate* with 
liver injury, the total and relative amount occurring at esters may be diminished 
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Quantitative Determination of Alcohol in Body Fluids 
Bogen Method: Method in Brief. Air is drawn through 1 ml. of specimen to 
be examined and then through 5 ml. of Anstie’s reagent (dichfomate-sulfun'c acid) 
while both are immersed in a boiling water bath. The alcohol present is measured 
by comparing color of reagent with previously prepared standards containing 
known amounts of alcohol. The color varies from reddish yellow to greenish blue. 

Method Blood is collected by venepuncture and oxalated as for other chemical pro- 
cedures (2 mg. oxalate per ml. of blood) When cleansing the arm with alcohol or tinc- 
ture of iodine prior to puncture, the area is allowed to dry completely to avoid fouling the 
needle. 

Four tubes are set up in a row and connected for aeration, In the tube farthest from 
the suction pump are placed 5 ml of Anstie’s reagent, to insure that no trace of alcohol 
or other volatile reducing substance is introduced with the air current (suggested by 
Engelfned). In the second tube are placed the following: 1 ml. of blood, urine, or other 
fluid to be examined, 1 ml of Scott-Wilson reagent (for fixation of acetone), 3 to 5 mi- 
water, and 5 to 10 drops of liquid petrolatum (optional) to prevent foaming. The third 
tube is empty (safety tube) to prevent fluid foaming over directly into the reagent tube. 
The last tube nearest the suction pump contains 5 ml. of diluted Ansuc’s reagent The 
connected tubes are immersed very slowly in a boiling water bath and aerated gently at 
moderate speed for 10 minutes The color of the reagent tube is compared with that of 
known standards 

The method depends upon the fact that, when a solution of potassium bichromate in 
sulfuric acid is treated with alcohol, the alcohol is oxidized, largely to acetaldehyde, 
while the bichromate is reduced with the formation of chromic sulfate according to the 
following equation. 

K 2 O 0 O 7 + 4H S SOi + 3C 2 HsOH = 3C2H40 + K 2 SO 1 + Cr 2 (SOi )3 + /HsO, 

The green color in the completed reaction is due to the production of chromic sulfate 

scoTr-wiLsoN reagent. Dissolve 1 Gm. mercuric cyanide in 60 ml. distilled water, using 
a heavy-walled glass jar. Add a solution of 18 Gm sodium hydroxide in 60 ml. water, 
stir vigorously with a heavy glass rod, add 0290 Gm. silver nitrate dissolved in w tn 
water. If turbid, allow to stand two or three days, decant the clear supernatant nui 


This keeps two months 

anstie’s reagent Dissolve with the aid of heat in water bath 0.6C6 Gm. P° ta ^ ura 
bichromate (C P ) in 100 ml concentrated sulfuric acid (C P ). This will be labeled o"' 
centrated Ansue’s” and used in preparing the standards. Dilute with equal parts is 
water for use in the test. . _i 

preparation OF standards. Make a 1 per cent solution of alcohol by piping ^ 
absolute alcohol at 15“ C. into distilled water Make up volume to ITO ml. m voiun 
flask Prepare a senes of II tubes (12 by 150 mm.), labeled 0.0, 0 * • ; ' / V t0 

3.5, 4 0, 4 5, 5 0 mg. per ml., respectively. Pipet the 1 per cent alcohol mto each t » 
represent the abov c figures Make up volume in each tube to 2.5 m . wi , . matc 
Add to cad, tube 2 5 ml cuncciHrjted Ano.c's reagent (% pee cert fCtosumt ditbruuutc 
in sulfuric acid) . Seal lubes by heating and drawing from top. 

Example Tube marked "0 5 milligram per milliliter" contains- 


1 per cent akohol 
Distilled water 

Concentrated Anstie’s reagent 
Total 
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These standards are reliable for approximately three months, after which time the color 
In the higher concentrations of alcohol breaks down and begins to fade. 

It has been our routine in persons who seem to have 3 mg. alcohol per ml. of blood or 
fughcr to repeat the test using only 05 ml of blood and to multiply by 2 for the final 
reading, This has been considered advisable as matching of color, easy in the lower, is 
more difficult in the higher standards One ts also approaching the limit of capacity of 
the reagent at the 4-mg. concentration 

A small color change approximating the 0 5 -mg. standard is, in our experience, produced 
hy all normal bloods in the above method. This change is produced by some volatile 
organic constituent of the blood, probably, at least partially alcohol, for there is known 
to be alcohol present in minute quantities in the tissues normally. Therefore a change 
corresponding to the 0.5 mg. standard should not he taken to mean that the individual 
being examined has imbibed alcohol. 

Nonvolatile material, glycerin, phenol, cresol, etc, added directly to the reagent, pro- 
duce the same color change as alcohol Ether as well as other volatile organic substances 
not encountered in the body fluids also reacts similarly. Therefore, care and cleanliness 
with instruments and glassware as well as ui the performance of the test are essential to 
the integrity and reliability of the procedure 

Ether, however, will reduce Anstie's reagent only when the rate of aeration is very 
slow Engclfned hat shown that blood from patients anesthetized with ether, or to 
which measured amounts (I to 3 mg per ml.) of ether had been added caused no more 
reduction of Anstie's reagent than did normal blood. 

Because of the reaction, with the reagent, of substances in cork and rubber stoppers, 
tubed standards, which are to be kept (or some umc and uh/ch may be inverted, should 
be sealed as directed above by heating and drawing out the glass • 

Intoxication. In our experience the majority of men showing over 2 mg alcohol 
per ml. of blood or urine had been pronounced intoxicated by the clinical 
examiner, acting independent of the laboratory The vast majority below the 2-mg. 
level had m like manner been pronounced not intoxicated. Thus the 2-mg. con- 
centration was considered the dividing line, as a rough approximation. In New 
Yotk and a number of other states, however, 1,5 mg. per ml. of alcohol in the 
blood is regarded as pnma facie evidence of intoxication in the case of motor- 
vehicle Occidents. No person with Jess than J mg. of alcohol m 1 ml ol urine gave 
clinical evidence sufficient to justify a diagnosis of acute alcoholic intoxication. 
Above this concentration, the frequency of the clinical symptoms of drunkenness 
increased rapidly with the amount of alcohol found Scvcniy-fivc per cent of men 
who showed blood alcohol concentrations of 1 5 mg. to 2 0 mg. per ml. were, by 
independent clinical examination, judged to be intoxicated. Eighty-five per cent of 
the men showing 2.5 jo 3.0 mg. concentrations and all of those showing 35 to -1,0 
mg. were judged intoxicated and 30 per cent were in coma. Death has occurred 
with concentrations of 4.5 to 5 mg. In experimental animals 6 0 mg- kills 
The suscrptibiliiy of the brain to alcohol varies little between one normal in- 
dividual anJ another. The apparent variation m susceptibility tn dillcreni in- 
dividuals it thought to l»e governed more by the rate of absorption on one hand, 
and oxidation, exhalation, and excretion on the other, ihan to any inherent resist- 
ance of the cell protoplasm to the toxic ciTrcts of alcohol. Haggard and Green- 
berg (t'137), however, found that the lethal concentration in the blood far rat* 
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was higher (12 mg. per ml.) if the blood sugar was 200 mg. % than if ,t j„ 

(8.0 mg. per ml. with a blood sugar of 70 mg, %). 


Sulfonamides 

Procedure for Free Sulfonamide (Bratton and Marshall). (I) Pj pct J ra j mailKd 
blood into a 125-ml. Eclctimeyer flask, and (2) add exactly 13 ml. distilled water H) 
Shake and let stand five minutes, until completely laked. (4) Add just 6 rr.\. 10 ptr can 
trichloracetic acid and mix thoroughly. (5) After five minutes filter through a No 30 
Whatman filter paper (6) Pjpet 10 ml. filtrate into a test tube. (?) Into three other test 
tubes pspet M vn\. oi each t/i the three working standard solutions. (8) Into each tube add 
I ml. 0.1 per cent solution of sodium nitrite. (9) After three minutes add I ml 05 per 
cent ammonium sui/amate solution. (10) After two minutes add 1 ml. 0.1 per cent solu- 
tion of N (l-naphthyl)ethylcnediamme dihydrochloride and mix. (II) After five minutes 
read m colorimeter, using the standard tube which most nearly matches the filtrate. 

Total Sulfonamide. Piper 10 ml. filtrate prepared as above (steps l to 5) into i test 
tube graduated at 10 ml., add 0.5 ml. of 4 N hydrochloric acid, and heat one hour m 
boiling water bath. Cool, bring the volume just to 10 ml. with water, and proceed with 
the determination as m steps 7 to 11 above. 

This hydrolysis liberates sulfonamide which may be present in conjugated form, so that 
it participates m ihe reaction. Conjugated sulfonamide yields no color. 

It is necessary to know what particular sulfonamide has been administered, since there 
is no practicable way to determine this in the laboratory. 

It is essential to use standard solutions made up with the same sulfonamide as that 
which js to be estimated m the blood, or else to multiply the result as calculated directly 
from the colorimeter readings by a correction factor which can be taken from Table 7i 
For practical clinical purposes the use of these conversion factors is recommended, par- 
ticularly in small laboratories, since it eliminates the need for maintaining a large number 
of different standard solutions 

Reagents in Free Sulfonamide and Total Sulfonamide Determinations: Triciu-owcshc 
Acid. A 10 per cent solution is used. 

Sodium Nitrite Solution. Dissolve 0.1 Gm. sodium nitrite m 100 ml. distilled “atcr. 
Prepare freshly every day, or store in icebox (in which it will keep about a month). 

Ammonium Si/lfamate Solution Dissolve 0-5 Gm. ammonium sulfamate m water an 


make up to 100 ml. • mn I of 

N(1-naphthyi.)Ethvlenedmmine Dimydroculoride. Dissolve 0.1 Gm. m 10W m 


water and store in brown glass bottle. . 

4 N Hydrochloric Acid. Dilute J71 ml. concentrated hydrochloric acid to 5(KJ ml. 
water. 


•Standard Solution stock standard Dissolve 0.2 Gm sulfanilamide in 1 liter d »t^ 
water (volumetric flask). If a sulfadiazine standard is desired, U is comemtttt to ^ 


sanuaru is uc«i •• 

02I"6 Gm sodium sulfadiazine, diluting to I liter. Instead, one may put 


diazme m a Miter volumetric flask and dissolve in a little water to vshuh has J*?" 
2 ml. 10 per cent sodium hydroxide. When solution is complete, di u 
Store m the icebox, m which it keeps for months. 


5 -I 1 - t,ock - u "*i: n “ oil m. 


flask. 


add 27 ml 10 per cent trichloracetic acid, and dilute to 


drug per nil 

WORKING STANDARD MEDIUM Pipet 5 ml. Stock S,»»>»«v. - , This C 

r cent trichloracetic acid, and dilute to the marie. 


ck standard solution into a 200ml 


metric flask, add 54 ml. 10 per 
tains 0005 mg. per ml 




add 27 ml. 10 per cent trichloracetic acid, and dilute to 
oer ml. 
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Calculation, if the weak standard is used, for the photoelectric colorimeter- 

Readme of unknown , <>/ 

~ — ; — — X 4 = suifonaniioc in me. / Q 

Reading or standard 

For it visual colorimeter 


Reading of standard 
Reading of unknown 


mg. % of drug 


If a stronger standard was uscd y ( or the factor 4 substitute 10 in C3se of the medium 
standard, and 20 tn case of the strongest standard. 

The same technical procedure ts followed, regardless of sshich sulfonamide is tn be 
determined If. however, a sulfanilamide standard solution was used m determining the 
concentration of sulfadiazine (c g, in blood) ihe figure obtained in the calculation above 
is multiplied by the factor 1 45 (See Table 73 ) 


Table 73 


Conversion Factors for SuLroNAMinri 




Drug 

to be Determined 


thug VrrJ at Standard j 

Suffand- 

■ 

Siijatel- 
anode o * 
Sul/anjl' 

| gujnidine 

Sidfapy- 
rrdine or 
Suiiaar- 
aunt 

Sid fat hi' 1 
j asol 

Sultarux 

time 

Sulfanilamide 

J00 

'* 

1 15 j 


2 06 

Sulfacetamide or 

Suthn) fguanulme 

80 , 

! )00 , 

| 1 16 j 

| J J9 , 

166 

Sulfjp) ridinc or 

Sulfadiazine 

69 

86 

[ICO 

| 1 02 j 

M3 

Sulfathiazid 

.67 

81 

j V 

j i oo ; 

138 

Sulfa*u*iihne 

.18 

60 

| 70 ; 

| 72 i 

100 


Aflrr I / Cngcl fried 

Simplified Procedure (Ingcl fried). Tim method is recommended only sshen suitable 
laboratory facilities arc not available, but the results are adequate for practical purposes 
(I) In a IQO-m) flask put 27 ml 95 per cent alcohol, and add with a solumetne 
pifK-t 3 ml mala red blood Stopper and shake occasionally for 10 minutes (2) Filter, 
covering the funnel m prevent evaporation. (3) Into one test tube pipet 10 ml filtrate, 
and into a second tube I ml working standard solution and 0 ml 95 per cent alcohol 
To each tube add (4) 1 ml N hydrochloric acid in alcohol, and shake (5) Add a piece 
of nitrite paper 3x5 mm in size, and shake occasionally for three minutes <61 Add 
a piece of dye pajx-r 10 X 25 mm in size, and shake occasionally for 10 minuter (7) Read 
m colorimeter or, if this n not available, into a test tube put 5 ml of solution from the 
standard tube, and into a second test tube of the tji»e dun/ctcr, put 5 nil of solution 
from (lie unknown Compare the colors. 

If they inauSi e sadly, the Wood contained 5 tng sulfonamide per 100 ml 
If one is darker, dilute with 95 per cent alcohol until it tu»t matches the paler tube 
noting the precise amount of alcohol used 
t jlc illation, if the color of the unknown was darker than the standard 

Sulfonamide in mg per 100 ml — 5 plus number cf ml. of alcohol added 
in the dilution. 
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If the color of the standard was the darker: 

Sulfonamide in mg. % = - - 1 

^ 5 plus ml. of alcohol used for dilution ^ 

Multiply this figure by the proper conversion factor, if the sulfonamide to be deter 
mined is different from that used in the standard solution. 

Reacents: alcohol. Ninety-five per cent alcohol is used. 

n hydrochloric acid in alcohol. Add ]0 ml. concentrated hydrochloric acid to 1 10 ml 
of 95 per cent alcohol. 

nitrite PAPER Saturate ordinary filter paper in a 10 per cent solution of sodium nitrite. 
Dry, and cut into pieces 3X5 mm. in size. If stored in colored-glass bottles it keeps a 
year or more. 

azo dye paper. Saturate filter paper with a I per cent aqueous solution of N(l-oaph- 
thyDcthylcncdiamine dihydrochlondc. Dry and cut into pieces 10 x 25 mm. in size 

stock standard solution. If pure drug is not available, dissolve a 0.5-Gm. tablet in 
water and dilute to 1 liter. 

WORKING STANDARD solution. Pipct 10 ml. stock standard solution into a 100-ml. flask 
and dilute to volume. 


Thiocyanates 

Procedure (Barker). (]) Transfer 5 ml. 10 per cenr trichloracetic acid solution to a 
test tube and add 5 ml. clear serum or plasma. Shake. (2) After 15 minutes filter through 
a small filter or centrifuge at high speed. (3) Pipet 5 ml. clear filtrate into a test tube 
and add 1 ml, ferric nitrate reagent (4) Into three other tubes pipet 5 ml. of each of the 
three working standard solutions. (5) To each of these tubes add, with a volumetric 
pipet, 5 ml. 10 per cent trichloracetic acid and 2 ml feme nitrate reagent. (6) Read m 
colorimeter, using the standard which most nearly matches the color of the filtrate.' 

Calculation, with a photoelectric colorimeter: 


Thiocyanate in mg. % = ° 7 X 10 if the strong standard is used. For 

Reading of standard 


the factor 10, substitute 7 if the medium standard is used, or 4 for the weak staiidar 
Reagents' trichloracetic acid, 10 per cent solution. Dissolve 10 Gm trichloracetic 
acid in 100 ml distilled water. . , _ 

ferric nitrate reagent Dissolve 50 Gm. ferric nitrate crystals in about 500 ' m J s 
tilled water in a 1-hter volumetric flask; add 25 ml. concentrated nitric acid, di ute o 
the mark and mix. . , 

silver nitrate solution Dissolve 2.9195 Gm. silver nitrate in water in a ' 


SILVER NITRATE SOLUTION TVISSUIVC , .1 

metric flask; add 5 ml. of nitric acid, dilute to the mark and mix Store in a rowtv 

in the dark. . . : n 

potassium thiocyanate solution — stock Dissolve 1.25 Gm potassium t k“. c 7 . 

1 liter water Titrate as follows: Pipet 20 ml silver nitrate solution into a sma P® 
dish, add 5 ml nunc acid and about 0.3 Gm powdered feme ammonium * 
a buret add the thiocyanate solution, stirring constantly, until a salmon-re ^ 

tamed that persists for 1 5 seconds. If necessary dilute the thiocpna e s ^ ^ 
exactly 20 ml neutralizes 20 ml. silver nitrate solution. This should be 


months 


POTASSIUM thiocyanate — WORKING solutions- Strong Stanford. Dilute 100 ml 
standard to 1 liter Five ml. contains 0.5 mg. thiocyanate ion. rnnt ,. DS Q3$ mg. 

Medium Standard DJutc 70 ml. stock standard to 1 I.Kr. five ml contams 


thiocyanate ion. 
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IVeuJ^ Standard. Dilute 40 mL stock standard to 1 liter. Five ml. contains 0.2 mg. thio- 
cyanate ion. 

Significance. This test is useful in controlling the administration of thiocyanates in the 
treatment of hypertension The optimum concentration varies to some extent with indi- 
vidual patients, but is usually from 6 to 12 mg. %. Concentrations of 15 mg. % or higher 
indicate excessive dosage and arc lifccfy to be associated with symptoms of intoxication. 

Bromides 

The method of Wuth ( 1927) as modified by Katzcnelbogcn and Czarski (193-4) affords 
a simple and quick estimation of the quantity of bromides in the blood, which is useful 
in detecting intoxication from overdosage with the drug and in controlling treatment 
Procedure. (1) Add \ ml. dear serum to 26 ml 5 per cent trichloracetic acid in a 
small test tube, mix, and filter through a small filter. (It may be filtered immediately, no 
bromide is lost in the precipitate.) (2) Transfer 1 ml filtrate to a comparator tube about 
10 mm. in diameter and add 0.2 ml. 0.5 per cent gold chloride solution (3) Compare 
at once with the series of standard tubes, previously prepared 
Stamiaxd Tubes. Prepare a stock solution containing 0 5 per cent sodium bromide in 
06 per cent salt solution. Into each of a scries of 12 test tubes put quantities of stock 
bromide solution, beginning with 05 mL in the first tube and increasing the quantity by 
0 5 ml. in each succeeding tube, to 6 0 ml. in the twelfth tube. Make tw o additional tubes 
containing 7 mL and 8 ml. respectively Add enough 06 per cent salt solution to each 
tube to bring the volume to 10 ml and mix These correspond to scrum bromide concen 
trations ranging from 25 mg. per 100 ml in the first tube to 300 mg m the twelfth and 
•400 mg, in the fourteenth tube. 

Put 1 ml. of each of these dilutions in a series of comparator tubes identical rn diame- 
ter with that used above, and add to each 26 ml. 5 per cent trichloracetic acid and 
072 ml. of 0 5 per cent gold chloride solution, mix. 

These standard tubes are semipermanent, in that they will keep their color for from 
one week to six months if they are covered with paraffin oil, tightly stoppered and kept 
in the dark. If it js desired only to determine the existence and approximate degree of 
bromide intoxication, it suffices to prepare four dilutions, containing 2, 3, -I and 6 ml 
stock solution, each diluted to 10 ml, corresponding to 100, 150, 200 and 300 mg per 
m ml. of blood. 

Normal serum gives no color A reading over 150 mg per 100 ml. indicates overdosage 
and is often associated with symptoms of intoxication 
Bromides may be detected in the unne by shaking up with animal charcoal, filtering, 
and adding to 5 ml filtrate 1 ml 20 per cent trichloracetic acid solution and I mi 
0-5 per cent gold chloride solution. If no brown color appears, a lest of the blood is 
useless 


Diastase 

Thij may be determined by Winslow’s method (p 8-40), substituting I ml of semm 
or whole blood for urine. Normal figures arc from 3 to 64 units The quantity is in* 
creased in diabetes mclhtus, in nephritis with renal insufficiency, and markedly in severe 
pancreatic ducase. 


Disturbances of Acid-base Equilibrium 
The blood plasma and other body fluids have a slightly alkaline reaction. The 
formal metabolic processes result in the continuous production of acid end- 
products which tend to make the reaction of the blood more acid The physiologic 
activities of t J, c body, however, arc so adjusted that they keep the variations in 
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the reaction of the pbsma within narrow limits. This is accomplished first, by At 
immediate virtual neutralization of these acid substances as they are formed in tie 
tissues, and second, by the elimination of the excess of acid radicals by the lungs 
and Icidneys, Following the ingestion of unusual amounts of acid or alkali or a, a 
result of disease this neutralizing mechanism may be so overtaxed, or its activities 
so disturbed, as to result in a significant shift in the reaction of the blood. An 
acidosis, or less often an alkalosis, is the result.* Any marked shift in the reaction i$ 
fatal if not quickly corrected or compensated. Such shifts are associated with 
characteristic clinical symptoms and with changes in the Mood, urine, and expired 
air which make possible their early recognition. To recognize these conditions and 
treat them intelligently it is essential to be familiar with the mechanisms which 
normally maintain this reaction at so nearly constant a level, and the usual wajs 
in which it may be disturbed. 


The strength (intensity) of an acid in solution, as distinguished from its quantity, ox 
Utratable aciditv, depends upon the degree to which it is dissociated into hydrogen ions 
(H + ) and acid ions (A'} That is, it depends upon the hydrogen ion concentration ol 
the solution This is expressed in terms of normal acidity, as a fraction of which the 
numerator represents the quantity of dissociated H ions present, and the denominator the 
quantity of H in a normal solution (l Cm per liter) In the case of a strong acid hie 
hydrochloric acid, which is almost completely dissociated in dilute solution, the reaction 
(H + concentration) of a one hundredth normal solution would he nearly 001 N. In 
case of a weak acid like carbonic acid the H + concentration of a 001 N solution would 
not be 001 N, but very much less than this (circa 000007 N) because only a small fn* 
non of its H is ionized. In pure water, which is dissociated to a slight extent into H 
and OH~ ions, and which is neutral because the number of H+ and OH~ ions are equal, 
it has been determined that the H + concentration is 0000000! N, or I X I0 -7 . Toaiow 
the use of clumsy fractions it is customary to express the reaction of such solutions W 
terms of the negative logarithm of the fraction, which is indicated by the symbol P - 
Thus the pH of water is — log (0.0000001 )> = — log (1 X 10~ 7 ) ~ (~~7), — A c 

neutral point More acid solutions have a higher H + concentration, and a smaller negate 
log (pH) The pH ot a 001 N solution of 
tion of (nearly) 0 01 N, would be — log (0 

Alkaline solutions have a higher pH than 7. .. ■ 

hydroxide would be approximately 1 3 


The pH o/ the Hood and lissurs usually ranges from 7.3 tu 75, W <!“ mUI ' 
mum range compatible with life is from 7.0 to about 7Jf. 

The possibility of maintaining the reaction of the blood within such narro 
limits depends upon the presence of buffers m the blood. A buffer is a su s a 
which lessens the change it) reaction which follows the addition o acu ot 
to a solution, as compared with the change which would occur i no u 
present All buffers are mixtures of a weak acid and its basic sa ts, of 3 
and its acid salts. The buffers in the blood which are of chie impor ^ 

carbonic acid and its bicarbonate salts, and hemoglobin (a uea • aa * 
and its basic salts. The plasma proteins have some buffer action. ^ 

•The term "acidosis" ,* a misnomer, s>nce during lde uwtum tfe term. howettr, 
reaction There u at most only a shift toward the neutral point. We reu. 
because it is in general use. 
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and dibasic phosphates also constitute a buffer, but their quantity is too small to 
exert an appreciable effect in the blood. 

The mechanism o} the action of a buQei may be best explained by an example (f-om 
Peters and Van Slyke). If enough hydrochloric acid is added to a neutral unbuffered so- 
lution to give a concentration of 005 N, the H + concentration will be nearly 0 05 N, and 
the pH will be lowered from 70 to about 1 3, a drop of 5 7 units If instead it is added 
to a solution containing both carbonic acid and sodium bicarbonate in 0 1 M concentra- 
tion, the following reaction will take place HCI + NaHCOt = NaCJ -f H2CO3 The 
strong acid will be replaced by a corresponding amount of the weak acid, H2CO3, while 
half the NalfCOa is used up The ratio NaHCOa/Hi-COi will fall from Yi to 0 5/1 5, and 
the pH will fall (the “neutralization” of an acid by a buffer is not complete), but only 
from 6,1 to 5-3, or 0 8 unit 

In the blood, carbon dioxide exists in two forms; partly combined as bicarbonates 
of the blood bases (chiefly sodium), and partly free as carbon dioxide or carbonic 
acid m physical solution in the plasma. Normally the ratio of combined carbon 
dioxide to free carbon dioxide is about 20 to 1 . 

The reaction of the blood ( pH ) depends directly on the ratio between the bicar- 
bonate content of the plasma and its carbon dioxide tension (the amount of carbon 
dioxide in physical solution). 


Thu can be calculated, if the values of these two factors are known, from the Hender- 
son Iiasselbalch equation, which in its simplified form is given by Peters and Van Slyke 
as follows: 


pH = 6.10 + log = 6 10 -f log^ 


/ mMfCOa) — 0 030 Ip > 
OOiOlp , 


In tins formula niMfCOj) represents the total COa (free and combined) in the plasma, 
expressed as mM. and p the CO 2 tension of the plasma in mm of Hg Numerical values 
determined by calculation from experimental data have been substituted for pK' and a 
m the original equation (These values are valid only for scrum or plasma at 38* C ) 

It is obvious that if any two of these three factors, pH, CO? content, and CO 2 tension, 
can be directly mejsured, the third can be calculated from the equation, or more simply 
from nomographic line chans which have been constructed according to the terms of die 
equation Of these the CO.* content is the most readily determined, by gas analysis fp 808). 
The pH can be determined directly by the colorimetric method of Cullen (1922), or one 
of Us modifications The COa tension is more difficult, hut tt can also be determined 
directly by the method 0 / Van Slyke ct al (1912) by measuring the CO 2 tension in a 
small bubble of air winch has been brought into equilibrium with 9 volumes of whole 
blood It can be calculated by I.isenmann's method (1920) from determinations of both 
the COa content of the plasma (or scrum), and the CO 2 combining power of plasma 
when saturated with COa at two or more different tensions It may also be determined 
indirectly by measuring the COs tension of the expired air (by the Haldane or f-ndcncia 
methods, without rclircathmg), which is usually identical with the tension in arterial 
blood Details of these procedures will not be given at they require equipment available 
only in large lal oratories in winch special textbooks on the subject will be available 


Ilte amount of combined COs (bicai Inmate) present depends directly on the 
amount of base in the blood which it not combined with stronger acids If base is 
liberated when such an acid is eliminated by combustion or excretion, it im- 
mediately combines with free COi in the plasma. As a result the ratio 
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BHCO 3 /H 2 CO 3 rises and the pH is slightly increased. If free: acid is produced 0 f 
absorbed, it immediately robs some of the bicarbonate of its base, which neutralizes 
the acid, and increases the free CO 2 in the plasma. The bicarbonatc/COa ration 
lowered, and the pH falls. This effect is largely counteracted by prompt elimina- 
tion of the excess of CO 2 by the lungs, but some reduction in the plasma bicar- 
bonate remains. Because the plasma bicarbonate is the most immediately available 
and quantitatively the most abundant store of base which can be utilized for 
neutralization of acids, it is commonly spoken of as the alkali reserve of the blood. 
Simple methods are available for its estimation. This alone docs not suffice to de- 
termine the pH, but in the commoner types of disturbance of acid-base equilibrium, 
as in diabetes and nephritis, changes in pH usually follow, roughly, changes in 
alkali reserve. Although there are exceptions which will be discussed later, de- 
termination of the alkali reserve remains the most valuable single practicable pro- 
cedure for the estimation of these disturbances. 


The quantity of CO 2 normally present as bicarbonate in the plasma of oxjgenated 
blood (pH of 7.4, COs tension of 40 mm.) is about 24 to 25 mM or 56 sol. %. 
(The total CO 2 is about 1.2 mM, or 2.7 vol. % higher. 1 mM CO 2 = 2226 ml, or 
2.226 vol. %.) The maximum normal range for total CO 3 is usually given as from 
55 to 75 vol. %. The figures for whole blood are about 20 per cent lower, as there 
is less bicarbonate in the cells than in the plasma. The terms aeidosis and alkfilostt 
are commonly used to include conditions in which there is a significant alteration 
m the alkali reserve even though there is little or no change in the pH. 

The amount of fue CO 2 presenf’in the plasma depends directly upon the con- 
centration or tension of CO 2 in the atmosphere with which it is in equilibrium. 
This depends upon the balance between us rate of production m the tissues and 
its rate of excretion m the expired air. Since the rate of production of CO 3 is not 
susceptible to direct control, maintenance of a normal COs tension (and a norma 
pH) must depend primarily on the ventilation rate of the lungs. This is accelerate 
when CO 2 tension is increased, as by breathing air to which CO 2 has been addc , 
and is usually diminished when CO 2 tension is lowered. However, it appears to 
be not the increased CO 2 tension itself, but the lowered pH which usually accom- 
panies it, which causes the increase in ventilation rate, presumably by stimu at g 


the respiratory center. . . 

The hemoglobin of the red cells, with its basic salts, is a buffer secon 
portance only to the CO 3 and bicarbonate of the blood. It is of c ^ Ic ^ ir ”f° rt con 
in minimizing the changes in reaction which occur with changes in t e 
tent of the blood. This action is in part that of a simple buffer. \ en ^ 
content (and tension) of the blood is increased in its circulation t ro n 
tissues, it becomes in effect a stronger acid, and robs the ^hemogo in '• ' ^ 

part of the base combined with it, to form bicarbonate. 15 "" ^ henw- 

bicarbonate/COa ratio and the pH higher than it would have be ^ ^j;, y „j 
globin been available. However, the change s m the mint! y t hcit 

hemoglobin which occur with oxygenation and reduction through 

neutralizing effect its action as a srniplc buffer. As arterial blood circulates 
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the tissues it simultaneously ghes up O to the tissues and recesses CO: from them 
(in about the proportion of 10 to 8). When hemoglobin is reduced by loss of O, 
it becomes less strongly acid, and as a result liberates base, which is sufficient to 
neutralize (by forming bicarbonate) about five-eighths of the COj received, without 
any change in pH. The acidifying effect of the remaining three-eighths of the CO s 
is largely offset by the buffer action of the hemoglobin and the other buffers, so 
that with an average increase of 5 vol. % * n the COs content of the venous blood, 
the pH falls only about 0 02 point. 

The bicarbonate thus newly formed within the red cells raises the ratio of bicarbonate/ 
Cl in the cells to a point above th3t in the plasma. As 3 result there is a diffusion of 
— HCO 3 10 ns from the cells into the plasma and of — Cl ions from the plasma into the 
cells until the ratios arc equalized ( Dorman's equilibrium) The basic 10 ns (in the red 
cells chiefly potassium) cannot pass through the cell membrane This passage of — HCOa 
ions into the plasma equalizes the bicarbonate/CCh* ratio, and therefore the pH, in the 
cells and plasma, and thus makes the buffer effect of the hemoglobin available to the 
whole blood, and not merely to the intracellular fluid, as would be the case if this diffu- 
sion could not occur Incidentally, with the liberation of base by the hemoglobin and 
the simultaneous diffusion of Cl into the cells, the osmotic pressure within the cells rises, 
and water is drawn from the plasma into the cells, causing them to swell, until osmotic 
equilibrium is restored 

In the lungs the reverse process takes place. The hemoglobin after oxygenation be- 
comes more strongly acid, and abstracts base from much of the bicarbonate present, 
liberating a corresponding amount of COa This immediately diffuses out into the air in 
the alveoli until equilibrium is established, usually at a tension of about 40 mm of Hg 
(27 \ol %, 1 2 mM per liter) There is a simultaneous passage of Cl and water from the 
cells to the plasma and some shrinkage of the cells. The same phenomena occur when 
venous blood is exposed to die air in utro, except that the blood loses all Us CO 2 It is 
obvious that in severe anemia the buffer action of the blood is reduced, and acidosis more 
readily established 

In addition to COa, other acids arc produced in the course of normal metab- 
olism. Some phosphoric and sulfuric acid are formed by the catabolism of pro- 
tein. After violent exertion lactic acid is produced in the muscles, and if the diet 
is high in fat and low in carbohydrate, substantial amounts of ketone acids are 
produced. These are immediately neutralized by base from the bicarbonate and 
other buffers, as above described, and notable lovvering of the pi I is prevented 
by elimination of the liberated COa by the lungs. 

The total amount of acid which can be buffered by the blood in this way before an in- 
tolerable degree of acidosis is reached is substantial. Peters and Van Slyke estimate (hat 
to reduce the pH of I liter of blood from 7.4 to 7.0, about 28 milhcquivalcnts of acid 
wi)) hr consumed Of this about J8 mil are buffered by the bicarbonate alkali, S mil by 
the hemoglobin alkali, and 2 mE by the alkali of other buffers, chiefly the plasma pro- 
teins A* the total blood volume is somewhat over 5 liters, it would be able to buffer about 
150 ml o! N acid Hie total buffer power of the body ussues has been estimated to be 
about five time* that of the total blood, or about 750 ml. additional N acid, both together 
arc equivalent to about 15 ml of N acid per kilogram of body weight Much of tins 
neutralizing power depends upon the elimination of the COj liberated by the bicarbonate, 
and is not merely the result ol simple buffer action. 
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This neutralization is accomplished only at the cost of lowering the alkali re- 
mt ' prevent dangerous depletion of the alkali reserve it is essential that the 
acid radicals be eliminated without losing a corresponding amount of base. With 
rest and adequate O supply the lactic acid is speedily oxidized to CO 2 and wa ttf, 
or is resynthesized into glycogen, and the ketone adds may be largely or entirety 
oxidized, the base so liberated jemaining in the plasma as bicarbonate. The main- 
tenance of a normal alkali reserve, however, depends mainly upon the teleetitt 
excretory capacity of the Sidneys. The reaction of the urine is normally much more 
acid than that of the blood. This is due to the ability a£ the kidney to excrete weak 
acids (hydroxibutync) and acid salts, and hold back a large part of the base with 
which they are combined in the plasma. Normally the acid phosphates are the most 
important vehicle for this acid elimination. In the blood about SO per cent of the 
phosphate is in the form of dibasic phosphate. In strongly acid urine nearly all is 
excreted as monobasic phosphate, so that nearly half the base required to neutralize 
the phosphoric acid while it was m the blood is retained as bicarbonate and re- 
plenishes the alkali reserve. If considerable amounts of ketone ac ids are present in 
the blood (always combined with base), as in diabetic acidosis, they are excreted 
in the urine and 3s much as 50 per cent of that excreted may be as free acid. The 
total amount of unneutralized acid {titratable acid) so excreted daily varies greatly, 
but normally is equivalent to 20 to 40 ml. of N acid. In severe acidosis it may 
equal 150 ml ofNacid. 

If in spite of this acid excretion the blood bases begin to be depleted, the kidney 
begins to exercise its second important function in preventing loss of base. It 
breaks up urea with the production of ammonia, and utilizes this ammonia in- 
stead of fixed base for the neutralization of much of the acid radicals which it ex- 
cretes. Even strong acids like hydrochloric acid and sulfuric acid may be excreted 
as ammonium salts The normal daily excretion is about JO-50 ml. of N NH<, and 
in severe acidosis it may rise to 500 ml. Ammonia cannot be utilized for the n cu 
trahzation of acids in the body fluids. Only minute traces can be demonstrated m 
the blood. . 

The sum of the titratable acid + ammonia measures the excess of /ixe aci 
over fixed base excreted, and serves as a rough measure of the bicarbonate content 


of the plasma in diabetic acidosis , 

If, on the other hand, there is an excess of fixed bases in the bio » u 1 
rarely occurs excepr after ingestion of alkalies, the titratable acid an 
diminish or disappear, and bicarbonate may be excreted in the urine, 
may then become a little more alkaline than the blood. 

Disturbances of acid-base equilibrium may depend primarily upon c , 
the quantity (tension) of COa in the blood (disturbances of the vcnti ation ^ 
or upon disturbances of the relation of the blood buses to act s m e ^ 

bonic. The causes of the d.sturbanccs in these tisu S rou l” ° ; s 

tircly different, as is the treatment. An understanding o Vm SjUr 

facilitated by a study of the illustration on p. 803, tvhir “ “ „„„ aM led 

Normally the pH of the blood is automatically kept a f 
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So M TO 60 

■Millimeters CO» tension 

Ctur« ilw.wms elvinRi* ln C°» content, HjCO, content, C £>• tcnuon, am) (ill ot the blood 
in condition* of carbonic acid cxccsj am' deficit and of a) Wall escess and deficit. (Couitei), 
D D Van Siiir and II,-// .V V And MrJ ) 

by changes in the scntdation rate of the lungs, which arc brought about by the 
action on the respiratory center of slight changes in the pH of the blood. Thus a 
faff m pH stimulates the center, increases the ventilation /ate, lowers the COa 
tension, and raises the pH- If other factors interfere svuh this regulatory process, 
a shift in the reaction 'vill occur Thus a diminished ventilation rate may occur if 
the sensitiveness of the respiratory center is reduced by morphine, or if breathing 
ti disturbed mechanically, as in emphysema or obstruction of the respiratory pas- 
sages. Then the COa tension rises and the pH falls. There is a primary CO: exrcsi. 
This is parti) compensated by an increased excretion of acid radicals (PO«, Cl, 
etc) and ammonia in the urine. The base so liberated neutralizes some of the 
races* «/ Clb, raises the IIHCOi CO • ratio, and partly corrects the /all in pH. 

Thi* results in an mouse in the plasma hicarlKinate, in spite of the presence of 

v*me acuhim Treatment aimed directly and solely to correct the acidosis in 

these condition* is m>t necessary, as death from lack of O will occur before the 

jcwltms become* dangerous in u«tf. Administration of alkali u not indicated. 
Ifyipnca on exertion is the chief symptom. 
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Hyperventilation of the lungs reduces the COe tension and raises the pH ettn 
to the point of causing tetany ( 7 . 6 +). There is a primary C0 2 defiat. This my 
occur as a result of breathing air with a low O tension (high altitudes), of hot 
baths, fever, hysteria, certain organic nervous diseases, and even by voluntary 
effort. A similar disturbance (high pH, low bicarbonate) has been reported after 
deep radiation therapy. It is partly compensated by arrest of renal excretion of acid 
and ammonia and by the increased excretion of fixed base. This reduces the alkali 
reserve, despite the presence of alkalosis. The logical treatment is to reduce the 
sensitiveness of the respiratory center by morphine, and to give salt and large 
amounts of fluid. In cases of tetany due to alkalosis there is no significant change 
in the blood calcium. 

A primary alkali excess may occur as a result of overdosage with alkali, or loss 
of HCI from protracted vomiting (or gastric lavage) as in pyloric obstruction. The 
ratio BHCO3/H2CO3 rises, and with it the pH. A plasma CO2 content of 122 
vol. % has been reported in pyloric obstruction. If the disturbance is marked, 
tetany may occur. The condition is compensated in part by slowing the respiration 
and raising the CO2 tension, and in part by a lessened excretion of acid and am- 
monia, and by the excretion of sodium bicarbonate in the urine. In cases due to 
vomiting, dehydration and loss of electrolytes may be more serious than the 
alkalosis, and but little base is excreted. Treatment consists in overcoming the 
dehydration and re-establishing the urine excretion by injections of hypertonic salt 
solution. The kidney is then able to excrete the excess of alkali, and administra- 
tion of acid is unnecessary. 

The differentiation of an alkalosis due to primary alkali excess from an acidosis 
due to primary CO2 excess cannot be made simply from an estimation of the 
alkali reserve, since this is increased in both conditions. If it depended solely on 
laboratory procedures it would be necessary also to determine either the pH or 
the CO2 tension. Practically this is rarely necessary, as the conditions can usually 


be differentiated on clinical grounds alone. 

A primary alkali deficit is the most common and most important type 0 is 
turbancc of acid-base equilibrium. It may be due directly to loss of alkali in I c 
stools' after severe diarrhea, as in cholera and in infantile diarrheas. It can ^ 
produced by the administration of free acid or acidifying salts. The similarity 
the symptoms of dogs poisoned with acid (particularly the dyspnea) to 1 
patients in diabetic coma led to the recognition of acidosis as the cause 0 ^ 
latter. It occurs temporarily after severe exercise. It may occur m ia 
in the acute ketoses of children as a result of retention of ketone ad *• * 0 
in starvation, and in cases on a ketogenic diet. In conditions associa . e 
vomiting but without much loss of free hydrochloric acid, a ctos,s casc 

deficit commonly develops. In children this may be far more intense 
of simple starvation. A fall in pH and in plasma bicarbonate occur 
eral anesthesia. It may occUr (most markedly in venous 00 ) 
failure, although conditions are complicated by varying egree 
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It may occur in advanced renal . insufficiency as a result of loss of selective 
secretory power, so that less acid is excreted and more fixed base escapes. 

In all these conditions the distinctive feature is the lowered plasma bicarbonate 
and lowered pH. The mechanism of compensating for this disturbance has already 
been discussed: hyperpnea with a lowering of the CO a tension; excretion of acid 
salts and even free hydroxibutyric acid in the urine; and the substitution of NH 3 
for fixed base in the salts excreted. These conditions arc usually associated with a 
profuse diuresis which may lead to a dehydration and salt depletion which is 
almost as serious as the acidosis. Treatment of diabetic acidosis consists first in 
the administration of insulin, usually with glucose, to secure combustion of the 
ketone acids; and, second, the administration of salt solution to restore salts and 
fluid and maintain urine secretion. The base liberated by the oxidation of the 
ketone acids largely replenishes the alkali reserve, and if renal function is good, 
any remaining excess of 3Cid can be excreted in the urine. A normal reaction can 
usually be restored in this way without administration of alkali. Recovery can be 
hastened, however, if sodium bicarbonate is also administered in moderate 
amounts. This seems advisable 3S a rule, particularly if it can be guided by re- 
peated determinations of the plasma bicarbonate. Excessive amounts must be 
avoided, as they may cause a damaging degree of alkalosis. The same principles 
apply to treatment in the other conditions. 

In the acidosis of renal insufficiency conditions are complicated by the inability 
of the kidney to excrete selectively excess of acid or alkali, and to readjust the 
relative quantities of the electrolytes. The ability to utilize ammonia to neutralize 
acid radicals is also lost. There is a retention of fixed acids (POi, SOs, possibly 
others), and a depletion of fixed base. Here special care is required to adjust 
properly the dose of sodium bicarbonate and sodium chloride administered so as 
to restore normal proportions as nearly as possible. As the condition is a 
terminal one any benefit secured can be only temporary and symptomatic. (See 
also Table 74.) 

DilTcrentiation of a primary alkali deficit from a primary CO 2 defieir, both of 
which show a reduction in the alkali reserve, can usually be made on clinical 
grounds alone. If this cannot be done, and if active treatment is needed, de- 
termination of the pH or COi tension is important, as the treatment indicated in 
the two conditions is entirely diiferent. 

Cumcal Methods 

Whenever a disturbance of the acid base equilibrium is suspected a determination of 
the CO 3 combining power, or the COa content of die plasma, should be earned out if 
facilities are available If they arc not. helpful information may still be obtained from the 
simpler procedures which arc next described. Table 74, tak.cn from Van Sl>ke, shows 
the relative significance of these indirect tests, and gives the values which may be ex- 
pected normal) v, and in acidosis of varying seventy 

Mailed ^ etonunj in cases of starvation, inadequate carbohjdrate mule, or diabetes 
melliius, indicates the presence of an acidosis, but docs not give an accurate estimate of 
its severity 

1! renal lunttinn 11 normal, a high ammonia N/wca N ratio, and particularly an in- 
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crease .n the mm oj turntable add + ammonia fa. the urine is indicative of acidosis, i»J 
rough measure of its seventy m disturbances of the primary alkali deficit type The CO, 
KttndV C 1?7 ° f P,aSm “ bC cs “ raa " d rau S K| y fro™ it by the formula j 


CO» capacity 


= 80 - 5./— 
V w 


D - titratabie acid + ammonia (in ml. of N/W acid) excreted in 24 hours. 

W = body weight in kilograms. 

Tolerance for Bicarbonate (Selltudr). This is a simple procedure of cons.detiWe 
practical value as a test for acidosis when more precise methods arc not available. Cut 
by mouth (or intravenously if necessary) 5 Gm. sodium bicarbonate in 100 ml of waiu. 
After one-half hour secure a specimen of urine and test the reaction with litmus If still 
acid, give an additional 5 Gm. of bicarbonate, and repeat until the urine is alkali ne, boiling 
the specimen if the reaction is doubtful. In normal individuals 10 Gm. usually products 
an alkaline urine, and 0.5 Gm. per kilogram always does so. In acidosis larger amounts 
are required. A negative result (indicating absence of acidosis) is usually reliable A 
positive result is not dependable in renal insufficiency, or other conditions in which the 
electrolytes arc depleted. In these conditions caution is necessary, as an alkalosis may be 
produced by overdosage before the urine becomes alkaline. 

Alveolar COs Tension. The alveolar CO’ tension, as determined by Marriott’s method, 
approximates that in v enous blood , which is normally about *15 mm. of Hg, about 5 mm. 
higher than in arterial blood It is of value in that from it the approximate bicafhoMie 
content of the plasma usually can be inferred. In a thm-wallcd rubber bag of 1500-ml. 
capacity (like the inner bag of a football) put l liter of air (600 ml. for infants), anJ 
clamp the exit tube. If the subject is cooperative, close the nose with a clip, and insert 
a mouth piece. At the end of a quiet expiration connect the mouth piece with the ba« 
The patient rebreathes the air in the bag for 25 seconds, taking five inspirations mod- 
erately deeper than the average, during this period. After the fifth expiration clamp die 
bag and replace the mouth piece with a glass tube drawn out to a capillary tip. fosert 
the tip in a small test tube in which has been put a few ml. of 001 N sodium hydroxide 
solution containing 0 002 per cent phenol red as indicator. Release clamp and press the 
bag, forcing a current of air through the solution until the color becomes constant. Com- 
pare at once with the color of the standard tubes, which must be of the same diameter. 
These contain M/15 solutions of monobasic and dibasic phosphate (with phenej re w 
the same concentration) in proportions corresponding to fixed COa tensions, from , 

15, . to 45 mm of Hg. These can be purchased, or prepared according to directions 
found in special texts. In sealed tubes they keep for several months If the subject cannot ; 

cooperate, for the mouth piece substitute a close-fitting robber mask which is held tig 1 X j 

to the face during the rebreathing period. The procedure is not applicable to j 

With circulatory failure or with primary respiratory disturbances. In cases of P r “” i 
alkali deficit it is the best simple substitute for direct determination of the p 1 


bicarbonate , 

C0 2 Combining Power (Capacity) of the Plasma. Tins may be determined easily / 
gas analysis. It has about the same significance as the total COa content,; a : 

are not numerically equal, the combining power being usually about J 1 voi. . /* S ' 
Equilibration of the Plasma (1) Without stasis collect venous blood with the m 
tus shown on p 928, or by means of an all-glass syringe containing a cw O . 
potassium oxalate, discharging it as soon as possible beneath paraffin 01 tos . 

tube. Undue loss of CO, to the mr should be molded mini ihc plasms i . tt . 

However, a sllgh. degree of exposure docs no. adec. Ihe too <•»« „ 

fuge as soon as possible, and pipet die clear plasma into a separate^! 
die refrigerator under oil (2) Attach the funnel (p- S ) 
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glass beads and after a normal inspiration, blow one complete expiration tl.m„»s 
apparatus, the current passing from beads to funnel. Close hurt, endsof funnel?' 


finish. (4) To equilibrate, for two minutes 
tate funnel so as to distribute plasma in a thi, 
layer. 

Analysis. (I) Fill the entire apparatus (at 
left) with mercury, and close stopcock e (2) 
Make sure that there are no leaks, and par- 
ticularly that no air seeps through the pressure 
tubing when the apparatus is exhausted. It is a 
great advantage to have the improved found 
the apparatus with a Shohl trap fused to the 
lower end to catch such leakage. (3) Put 1 ml 
of COi-frec water in cup b. (4) With leveling 
bulb in “position 2” and cock / as shown, 
slightly open cock e, and run I ml of plasma 
beneath water in cup with the tip of the pipet 
in the bottom of the cup, so that the plasma 
flows practically directly into the buret. The 
pipet should be graduated to deliver between 
two marks, and not to the tip. (5) Add a drop 
of octyl alcohol. (6) When capillary above cock 
e contains only the alcohol run 0 5 ml of i 
I : JO dilution of concentrated lactic acid into 
the apparatus, stopping just when the Hg 
reaches the 2.5-ml. mark. (7) Close cock e and t 
seal with a drop of Hg in cup b. (8) Place level- 
ing bulb in “position 3,” allow Hg to run down 
to 50-ml. mark. (9) Close cock /, remove appa- 
ratus from clamp, and mix contents by inverting 
15 times. (10) Replace in clamp, open cock /, 
and draw fluid into d, leaving capillary of / full, 
and allowing no gas to follow, (ll) Reverse /> 
raise leveling bulb, and allow Hg to enter from 
c and rise slowly and without oscillation, (12) 
With Hg in leveling bulb higher than that in the 
apparatus by one-thirteenth of the height of the 
water column on the mercury, above the cock /. 
read the gas volume. (13) Calculate volumes f a 
of CO2 by the use of Tabic 75, which corrects for 
temperature, pressure and other factors. {Jv 
Immediately clean apparatus with C02-fr« 
water, and let stand filled with water. 

Total CO2 Concent of Plasma. The total 
CO2 content of the plasma is recommendc 
by Van Slyke as preferable to the CO2 combining power, and should always be on ^ 



Van Sljke's plasma bicarbonate apparatus. 


the pH is to be determined or calculated. It is determined in the same manner 


that the plasma is not equilibrated with C02» but is pipetted directly into the cup ^ 


uiat uic plasma is not w.m v^r, , „ c3test 

beneath paraffin oil. Table 76 is used for correcting the gas volume^^ ^cf 


care must be taken not to permit any exposure of the blood to air ( — t - 
period it is exposed in the narrow stem of the pipet). The paraffin ou retar s ^ 


penou it is in me iiauu™ su-m ut u*v r- must be 

not prevent diffusion of gases, and during centrifugation additional P rC “ ut '° n * . ^ 


taken to prevent some loss of CO2 (replacing the oil with soft paraffin or f 
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Separatory funnel used tn saturating blood plasma with carbon dioxide. The bottle contains glass 
beads. </. Biol Chcm . 30:289. 1917 ) 

tube to the brim with oil, and closing with a rubber vaccine-bottle stopper so as to 
eliminate air bubbles completely). For one not experienced in this technic the CO 2 
combining capacity is the safer procedure. 

The COa content can also be determined by titration (Van Slykc et al, 1119). 

COj Combining Power, or Content, of Whole Blood. The CO 2 combining power, or 
content, of whole blood may be determined in a similar manner, except that care must 
be taken that all red cells are stashed into the buret, and after the gases have been 
extracted and the volume read, I ml N sodium hydroxide is drawn into the buret from 
the cup under slight negative pressure to absorb the CO 2 . The volume is then read 
again. The difference between the readings measures the CDs- This is corrected in the 
same manner as For plasma CO:, except that the subtraction of the third column is 
omitted. 

Arterial blood may be obtained safely in a similar manner A very sharp hypodermic 
needle, about So. 20 gauge, with a 45-degree betel tt inserted through the skin at an 
angle of 45 degrees, and plunged into the radial artery at the point of maximum pulsa- 
tion Follow withdrawal of needle by obliterating pressure for two minutes and 
moderate pressure with a gaure compress fur two to three hours Blood which is prac- 
tically arterial can be obtained by immersing the forearm in water at 45’ C. for 10 
" minutes, until the veins- arc widely dilated, and then drawing blood from a vein on 
the dorsum of the hand near die knuckles 

Oxygen Combining Capacity of Blood. The oxygen combining capacity of the blood, 
the standard method for determination of hemoglobin, may be measured also with Van 
Sljke’s plasma bicarbonate apparatus. (I) Aerate i ml. of CO-frce oxalatcd blood in a 
separatory funnel by rotating it for a few minutes so that the blood is distributed over 
the walls in a thin film (2) Wash the apparatus twice with water (3) Introduce 
through the cup 6 ml. water, 0 3 ml of I per cent saponin solution (Merck), and 3 drops 
of capryhc alcohol. (4) Evacuate, shake thoroughly, and expel the air extracted Repeat 
unnl air is all extracted (5) Expel solution into cup (6) Stir blood thoroughly, fill 2-mL 
piper, and (7) with the tip 0 / the pi|«ct in the bottom of the cup, under slight negative 
pressure, allow blood to enter the buret slowly, along with part of the solution. (8) Add 
0 1 ml. of 20 per cent potassium fernejamde solution (boded and cooled, to expel air) 
with the last of the solution (9) Seal the capillary in cup b with a drop of Hg, evacuate 
the bulb so far that no 1/g can be shaken up into the bulb, and shake for three minutes 
so is to whirl the solution about m the bulb but to avoid violent agitation. (10) Release 
vacuum, and under slight negative pressure run ) ml. of gas-free N sodium hydroxide into 
buret, follourd by a drop of Ilg (II) Let stand until alkali has drained down from 
walls of buret (absorbing (be CO 2 ), draw she solution into the trap below the chamber, 
and read the gas volume (12) Multiply this by the correction factor from column 2, 
Table 76, and tub trait 2 I to lorrcct for N and physically dissolved O. (13) Multiply by 

0 
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Table 75 


Observed Vol 
Gas X 
Barometer 

CO, Red treed to 0 * 
C. 760 mm Bound as Bi- 
carbonate by 100 ml. of 
Plasma 

760 

15' 

* 20 

® 25 


n 






9 1 

9' 

7 io: 

7 118 


10.1 

I0< 

> n ; 

1 126 


11 . ( 

11 1 

1 I2.f 

13.5 


12.C 

12 . 1 : 

1 13 1 

143 


13 C 

13.7 

' 145 

15.2 


13.9 

14.7 

15 5 

16.1 


139 

157 

164 


7 

15.9 

16.6 

17.4 



16.8 

176 

183 

18.9 


17.8 

18.5 

19.2 



188 

195 

2 0 2 

20.8 

1 

19.7 

20 4 

21 1 

21.7 


20 7 

21.4 

221 

22.6 


21 7 

22 3 

23 0 

23.5 


22.6 

23.3 

24.0 

24.5 


23 6 

24 2 

24.9 

25.4 

6 

23 6 

25.2 

25 8 

26J 


25.5 

26 2 

26.8 

27J 


26 5 

27.1 

27 7 

28.2 

9 

27.5 

28 I 

28.7 

291 


28.3 

29.0 

29 6 

30.0 

1 

29.4 

30 0 

30.5 

310 


30.3 

30.9 

31.5 

31 9 


31 J 

31.9 

32.4 

32.8 


32.3 

32.8 

33.4 

33.8 


33.2 

33 8 

34 J 

34 7 

6 

34 2 

34 7 

35.3 

35.6 


35 2 

35 7 

36 2 

36.5 


36.1 

36 6 

372 

37.4 


37 I 

37 6 

38.1 



38.1 

38.5 

39.0 

39J 

1 

39.1 

39 5 

40 0 

40J 


30 0 

40 4 

40 9 

41.2 


41 0 

41 4 

41 9 ■ 

42.1 


12 0 ■ 

42 4 

42 8 • 

43.0 


42 9 ■ 

43.3 ■ 

43.8 a 

13.9 

6 

13.9 ■ 

44 3 • 

44.7 4 

14 9 


44 9 * 

15 3 < 

45.7 4 

15.8 


15 8 3 

16 2 3 

16 6 4 

6.7 

9 -1 

16 8 3 

17.1 3 

17.5 4 

76 

0 60 3 

17 7 4 

! S 1 4 

18.5 4 

86 


Observed Vol 
Gas X 
Barometer 


0 60 
1 
2 

3 

4 

5 

6 
7 


I Ml. of CO, Reduced to tf 
\C. 7(>0 mm Bound at Bi- 
carbonate by 100 ml of 
Plasma 

15* I 20* I 25 



58 4 

586 589 

59.4 

59 5 598 

60.3 

60.5 607 

61 J 

61.4 61 7 

62J 

62 4 626 

63 2 

63 J 636 

64 2 

64 3 64.5 

65.2 

65 J 65 5 

66 1 

66 2 664 

67.1 

67 2 673 

68 1 

68 1 68 3 

690 

69.1 692 

70 0 

70 0 702 

710 

71 0 71.1 

71 9 

720 72 1 

72.9 

72.9 730 

73 9 

739 740 


690 

69 9 

70 i 
718 
727 
736 
735 
753 
763 

77J 
782 
7 92 
601 
810 
820 
829 


the volume (reduced to 0* C, 760 mm ) of carbon dioxide that 100 ml. of plasma are capaoif 
of binding when saturated at 20® with carbon dioxide at approximately 41*mm. tension. If * e 
figures tn the table are multiplied by 0.93 they give, within 1 or 2 per cent, the carbon dioxi e 
bound at 37® C. 
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Table 70 

Table for Other Blood Gaj Determinations 


loom Temperature, 

For Oxygen 
Determinations 

For Total COt Determinations 

•c. 

Correction for Reduction to 
O'C , 700 mm 

Correction for 
Dissolved Air 

1 Correction for Reduction to 
0'C , 760 mm 

IS 

«.« X 

760 

0052 

, 00 2 X 5iS22f£ 

760 

16 

760 


760 

17 

760 

i5 ?5 Barometer 

760 


98 5 X , ra 

18 

0 049 

9SJ xlHsaEE 

760 

19 

45.75 

760 

0 048 

97.8 

760 

20 

155 x Barometer 

760 

0 047 

A-r-, w Barometer 

760 

21 

Barometer 

X 760 

0 046 

96.6 X 

760 

22 

<5.05 x ?i!25££i 

760 

0 045 

56.0 X 

760 

23 

44 85 X— — 

760 

0045 

95.4 

760 

2 " 

446 x*222S2'- 

760 

0 044 

n lS x Barometer 

760 


760 


760 

26 

<5.15 X 

760 

0 042 

93 6 X l5a ' omc,w 

760 

27 

430 Uarcmetcr 

* 760 

0041 

93 i x IUf0fnc,cr 

760 

28 

<3.65 X 

760 

0 040 

92 4 x bjr,,me>ff 

760 

29 

434 V Barometer 

760 

0 040 

9,8 xS! 22 SK 

760 

30 

<3 15 X 

7 60 

0 039 

„2 x “£25251 
| 760 
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0.746 to get hemoglobin in Gm per 100 ml., or by 5.41 to get per cent of hmo e bkm j, 
terms of Haldane s standard (18.5 vol. %). Studies in this country indicate that the 
normal O combining capacity of young adult males is 20.9 vol. %, corresponding to 156 
Gm. per 100 ml., according to die usual factor, 1 Gm. hemoglobin = 1.34 ml. 0 com- 
bining capacity. To get percentage of hemoglobin according to this standard, multiply 
O combining capacity by 4.78. 

Oxygen Content of Blood. The oxygen content of cither arterial or venous blood aa 
be determined, with the following slight changes in procedure, but the blood must be 
protected from any exposure to the air, as above described. The saponin and ferticjitude 
are conveniently combined in a single solution: Dissolve 6 Gm. potassium fcrricyamde 
and 3 Gm. saponin in 1 liter water. At step (3) introduce into the buret 10 ml. of this 
solution with 3 drops of caprylic alcohol, and (4) extract the air. (5) Expel 6 ml. of 
the solution into the cup, retaining 4 ml. in the buret (7) Introduce the blood, washing 
in with I ml. of solution. The remaining 5 ml. are discarded. Step (8) is omitted 
(12) After multiplying the observed volume by the correction factor in the second 
column of the table subtract I 36 vol. % to correct for N. To get O bound by hemo- 
globin, subtract instead 1.5 vol. % for venous blood, and 1.7 vol. % for arterial blood. 

The per cent of O saturation is determined by dividing the observed O content by 
the O combining capacity The O unsaturation (in vol. %) is determined by subtracting 
the O content from the O capacity. Normal arterial blood is 95 per cent saturated. 

These analyses can be done more easily and more precisely with the manometric ap- 
paratus of Van Slyke, but it is considerably more expensive 

Tests for Blood 

Color Tests. Chemical tests for occult blood in the feces, urine, etc. are described else- 
where (pp. 836 and 856). As these depend upon oxidation reactions, although very 
sensitive they are not specific and are reliable only when 
interfering substances can be excluded 

Hemin Crystal Test (Teichmann). This test is not 
sensitive, but a positive result is conclusive evidence « 
the presence of blood pigments. Prepare a solution 
(stable) of 0 1 Gm. each of potassium iodide, potassium 
bromide, and potassium chloride in 100 ml. glaeia 
acetic acid. Mix a few drops with some of the material 
on a slide, apply a covergiass, and gently warm uni 
bubbles begin to appear. Then coo] slowly, an ex 
amine for the characteristic dark-brown crystals. 

Hemochromogen Crystals (Donogaay). Mix 1 drop 
each of suspected fluid, pyridine, and 20 per cent s ivim 
hydroxide on slide, and let dry If blood 1* P rcStn ’ 
radiating needles will form ahrr several hours. ^ 
Spectroscopic Tests. Spectroscopic tests for blood pigment arc conclusive 1 rc3c 
are definitely positive, but they require a relatively high concentration of 
degree of concentration influences their appearance, and one should sf3r l2' n 3 .. ^ aca . 
concentrated solution, diluting cautiously until the bands arc typical. c ® jn j 
vision (hand) spectroscope usually suffices, but for such procedures “ a roor c 
differentiating between methemoglobm and sulfhemoglobin in climca c |, men i. 

powerful instrument is often required. A wave-length -phe so luuon « 

:kness of about 1 cm- 
The solution* must K 

Reducing agents, such as ammonium sulfide or Stokes soluuon, are emp ) 



Teichmann’s hemin crystals. 
(Todd, after Jakob.) 
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Wave length* (X) 
I. O*) hemoglobin. 


2. Reduced hemoglobin 



3 Me thcmoglcilnn in neutral or slightly acid 
solution 


4. Hemaun in acid solution 


5 Reduced hematin (hemoehromogen) 


6 Hematoporpbtrin in acid solution 


7 Hematoporphyrm in alkaline solution. 


Tlic molt important clinical spectra (Modified from Monographic Medicine, New York, D Apple- 
ton U Co ) 


must be fresh, and, before use, the sulfide must be warmed to about 50* C To prepare 
Stokes* solution, dissolve 3 Cm. FeSOs in cold water, add cpld aqueous solution of 2 
foil tartaric acid, and make up to 100 ml Immediately before use, add strong am- 
monium hydroxide until precipitate first formed is dissolved 
Material that ts uncontaimnated, relatively fresh, and in relatively concentrated 
aqueous solution may give any or alt of the upper three spectra, a few drop* of reducer 
dunging the first or third t» the second 
Tor old dried blood stains the following procedures may be tried 

1 The impeded stain Is dissolved in l to 2 ml of 10 per cent sodium hydroxide, heated 
almost to Inuling, cooled, and a few drops of reducer added Examination show* 
Spectrum 5 

2 Old and relatively uncontammated sums arc disudvcd m j'otasuum cyanide volu 
lion and warmed t«i 40* C Examination shows cjanhcmaim (jxsorly defined bands 
td^jibhng Sj<etrum 2) Reduction with ammonium sulfide gives c) anhcmochromogcn 
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(similar to Spectrum 5). In cyanide poisoning, blood pigment In walls or I™ j 
stomach shows cyan hematin. 

3. With very old and relatively uncontaminated material, if insoluble in potasnun 
cyanide solution, a small fragment is mixed with a few drops concentrated sulfonc 
actd> and crushed and rubbed between two glass slides. Examination shows Spectrum 6. 

4. If \ery old and much mixed with other material, the stain is pvslvtratd, mutd 
with a few ml concentrated sulfuric acid, and allowed to stand 24 hours. The nurture 
is filtered through glass wool or asbestos, and the filtrate poured into 10 times in 
volume of distilled water. The brown precipitate is washed several tunes, and dried 
It is then dissolved in a mixture of equal parts of absolute alcohol and strong am- 
monium hydroxide, and filtered Examination shows Spectrum 7, which, upon acidifu 
tion, will change to a faint Spectrum 6. 

It is better, however, especially with much contamination, to prepare an ethereal, 
acid extract. This not only frees the dried blood from contaminating substances but 
makes possible a concentration of the pigment. After the material is ground thoroughly 
with water, if it is not already in liquid form, it is mixed gently with an equal volume 
of neutral ether. The ether extract i< rejected, and to 10 ml. of residue are added 3 to 5 
ml glacial acetic acid. This is shaken thoroughly with an equal volume of ether. If the 
ether docs not separate readily, it is mixed gently with a few drops of alcohol The 
ethereal extract is removed, and evaporated to a small bulk for use in tests, Examwa 
tion will show spectrum of acid hematin, which, however, in ethereal solution, resemble* 
Spectrum 3 more than 4 It is made alkaline with strong ammonium hydroxide, cooled, 
mixed well, and allowed to separate; a few drops of reducer are then added to tl 
ammonia cal extract. Examination shows Spectrum 5. 

Donocany’s Method Donogany's method increases the delicacy of the spectrosccp 
test, and is also a color test The pigment is dissolved with 20 per cent sodium hydrowdi 
fresh pyridine is added and, if necessary, fresh ammonium sulfide. The mixture is filter^ 
The filtrate will be more or less orange-red according to blood content, and will sho 1 
Spectrum 5 

The spectrum of carbon monoxide hemoglobin resembles that of oxjhcmoglobi 
except that the bands are shifted slightly toward the violet, and are closer together. At 
duion of reducing agents does not change it to reduced hemoglobin (demonstrable on 
in concentrations of at least 30 per cent saturation). Chemical tests are more sensnn 
(see below) To detect and measure small quantities gasometric determinations sf 
necessary. , .) 

Demonstration of methemoglobm is important in poisoning with certain drug 
as acetamhd Sulf hemoglobin, long confused with the preceding and often pre 
with it, has a similar band which persists after the addition of reducing 2 & e " ls , 
abundant in cases of “enterogenous cyanosis.” The spectrum of acid hematin vv ic 
has a similar band near C is changed by reducing agents to Spectrum 5. 


Color Tests for Carbon Monoxide in Blood 
Katayama's Test. Put 5 drops of suspected blood and 5 drops of normal W ^ 
each of two test tubes. Dilute each to 10 ml. with water, add h]oo 4 tufn j 

ammonium sulfide solution, and acidify slightly with aceuc aci i . o M j £S> 

a dirty greenish-brown color; blood containing carbon monoxi e re 

of a reddish tint. ... v . It h water, and 

Haldane's Dilution Test. Dilute 1 ml. of suspected blood to 100 ml. blcJ> . 

similarly 1 ml. of normal blood as a control Corn ? are the colors ; against ^ 
ground. Blood containing CO has a purplish pink unt as P 
red of normal blood. ... • Quantitative e su- 

Sayers and Yam’s Tannic Add Method. This gives an 3 FF“™a e g *1 

mate of the CO present. In a small tat tube dilate 0.1 ml. suspected blond 
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dilute ammonia (1 ml strong ammonia per liter). Mix and add 1.5 ml. freshly prepared 
1 per cent tannic acid solution Let stand overnight and compare the color cither 
with permanent standards or standards prepared simultaneously as follows. Bubble CO 
or illuminating gas through 1 ml. oxalated blood until saturated Dilute this and also 
1 ml. normal blood with 4 ml. dilute ammonia. Make up a senes of mixtures of these 
laked bloods (in 05 ml. volume) corresponding to 10, 20, 30, 40, 50, and 60 per cent 
saturation. Add I 5 ml. tannic acid solution to each 
In none of these tests are the color differences well marked if the CO saturation is 
under 20 per cent. In acute poisoning the saturation usually ranges from 25 per cent to 
60 per cent or more, but it falls quickly after the patient is removed from the source of 
poisoning (30 to 50 per cent per hour in air, about four tunes as fast in 95 per cent O 
and 5 per cent COa) 
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Blood Cultures 


diagnosis and prognosis of various infectionsO '\ S ™' imp ° m " cc in rSf 

bacteria sufficiently numerous in the bWI " \ * 'V rarel f ™ ^ ordiau, 

a ample procedure to obtain them hy ™ hw U S ™ 10 smMrs - b “ « ” usuall, 

especially at the onset. It u elpc^X ' “‘ ly ™" y ° f aCutc infKti °“‘ diseases, 
pneutnonta, undulant fever cccchj. . mmon * h ' Whoid group of infections, 
infect, ons. In these eases the presence of a ™ Y ° ccur ln ol1 " 

diagnostic importance but i* ■ ° r f> an,sms in the blood is of great 

concerned. On the other Inn I t t?"' !|>CC1:1 !, SmCconcc so far as prognosis is 
ihcy persist, and their number i ' ' ^ “'1 P ' c!cnI “ lar S c numbers, especially if 
live specific therapy is available. ‘ he P ro S nos is becomes grave unless effee- 

the blood dream " As ' ” rule foe 'fL!" !*’ dy ° rs “ ism5 of many hinds may invade 

hill these bacteria, so that die blond CnClda powcr °f ‘he blood is sufficiently great to 
diminished resistance or to the hi , r '"“ ,ns Occasionally, howes er, owing to s 

survive, and appear The blood T ° f ,hc mkcm « “ngamsm, the bar, cm 

not to multiplication ra the blnll" ™ “ d ,ncr “''"g numbers. This increase is due, 
a condition is known as sentir 0< - Slrcam .' to greater invasion from the focus. Such 
suppurating foci may occur and'^h* SCp ’!?\ ,f “ indlv,dlul i"“ l°ns enough, secondary 
blood these conAnoS cams, “ " rmcd pv ^“' B “"™ fc "” d “ *' 

Certain organisms of ml , , , ” , ° re S " ,ous pr< ’"' nfieance. 

valves, and some escape more' VZ, “eons"" /in P ™"!I ^'“ P ' y ° a ^ ^ 
periods ,n die chrome cases which bloo”^ m ' h ,hc P' c " d '”S°”- Th ' re T ' 
be necessary to demonstrate them Sue / a,ICT lhc oddll| on of rc. rep “ Ied “ “f 
Streptococci „ mndatts Hemolytic strcplo. ' Thc s P cc num of and d “ 10 ? 

In the interpretation of the results y cduc, "S a «“ ,s '» Spectrum 5. ' a "' a “ d °“' d 

early cucatUb S ' sn,ficancc of pneumlrbon Monoxide in Blow the U same in an 
tiomfor evl'pt" Pm °™' ■" a *Wd blood and 5 drops — *— <*> 
Although blood invasion t,,, .l . . with water, add 5 . . ,, 

present on the skin- and blood « U * ^ s,l fi ,lt ^y WJ th acetic acid orsan,s “ ,s IC ®* 3S ' 1 

cus alius, should be viewed with S t!3° nUin,ng carbon mono\j'd ccia ^y Staphylococ 
... viewed with suspu oorated before accepting 

va™us a tei n mfrom fo Phlh '™ d b “'' 1 »l tutpcctci blood e™* »” ** *"■ ^ 
vanous Dactena from the air may conl 0 „ M , , h _ ,svever, if the blood is cal- 

luted immediately, and ,f p„ t of it „ £■= ' (bhod aear pIaIt s), « ,s 

usually easy to recognize a comammau, P P > 

In taking blood for culture it is dcs , 0 d. This rrives an aD • < “ n [f)c temperalure is 

ss & “it djJ ° 1 mL w,th ,ypc of r 
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Technic. The blood is withdrawn from some prominent vein, preferably the median 
basilic vein of the arm, by means of a sterile 10- or 20-ml. syringe. If Luer syringes are 
used they may be sterilized, together with a needle, m large plugged tubes in the hot- 
air sterilizer, or boiled for from 5 to 10 minutes just before obtaining the blood. 
Large Kcidcl tubes containing sodium citrate, alone or combined with glucose broth, arc 
comcnicnt if only an occasional culture is made. 

The skui over the vein should be scrubbed thoroughly with soap and water, and 
painted with tincture of iodine. A tourniquet is applied to distend the \cin during the 
puncture. Ten or 15 ml. of blood arc withdrawn, and the tourniquet is removed be- 
fore drawing out the needle The iodine is then washed off with alcohol, and the 
puncture covered with sterile gauze or cotton. The blood is added to a 50-ml. flask 
containing 5 ml of 1 per cent sterile sodium citrate solution in physiological saline. After 
removing the stopper the mouth of the flask should be flamed before introducing the 
blood. The citrate prevents clotting until the blood can be inoculated into the various 
media. The culture can be made at the bedside when feasible, but the use of the 
citrate flasks is generally more convenient. The inoculations should be made as soon 
as possible. The blood can be transferred to the media with a sterile cotton plugged 
10-ml. pipet, or, with a little experience in judging quantities, poured into the following 
media. 

a. One or 2 ml. in each of 2 or more tubes of melted agar cooled to -12* C. The con- 
tents of the tubes are mixed and poured into sterile Petri dishes 

b. One or 2 ml. in 2 or more tubes of dextrose brain broth 

c. Five ml in a flask containing 100 ml of glucose broth 

The remainder of the citratcd blood may be incubated as a control The cultures 
should be examined daily for evidences of growth Colonics developing on the plates 
should be counted and subcultured for identification. If growth appears in the broth, 
transfers should be made and smears examined After 72 hours the broth is subculturcd 
on a blood agar slant, even though no growth is evident The original cultures should 
be kept for at least two weeks, and preferably a month, since some bacteria grow slowly 
when first isolated. 

Special modifications of this method are used for some cultures. If anaerobic organisms 
such as anaerobic streptococci are suspected, parr of the culture must be incubated under 
anaerobic conditions. In large laboratories a McIntosh and Fildes jar can be used, or 
some modification of the pyrogallic acid and sodium hydroxide method. (See section 
on anaerobic methods ) Fairly satisfactory anaerobiosis can be obtained by inoculating 
the blood into deep narrow lubes of glucose agar or glucose broth which have been 
previously heated to remove oxygen, cooled, and covered with sterile petroleum jelly 
Some workers make, as a routine, deep tubes of glucose ascitic fluid agar without 
petroleum jelly in order lo obtain varying degrees of oxygen tension in the culture 
(See p. 920.) Anaerobic bacdh associated with wound infection* seldom invade the blood 
stream, although the gas bacillus has been obtained in blood culture. 

When B abortus is suspected, 10 lo 15 ml of blood are distributed in varying 
quantities into small flasks containing 30 ml. of meat infusion broth pH 75 Several agar 
slant* arc inoculatcJ by flooding their surfaces with blood These are incubated at 37' C 
in an atmosphere with a carbon dioxide tension of 10 per cent. Since the organisms 
grow slowly, ihe culture* should be examined and subculturcd on glucose agar slant* 
from the fourth to the fourteenth day Ten per cent carbon dioxide tension may be 
produced by any of the methods described (see p 920) 

The tubercle ba<it!us rarely occur* in the blood except in miliary tuberculosis. In 
these cases growth can be obtained by taking the blood with sierilc distilled water and 
planting the centrifuged sediment on suitable solid media Since growth is slow, the 
moisture in the medium must be conserved by sealing the tubes with paraihn or pe 
i miIciu h jelly after a few days 

0 
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Animal Inoculation. Animal inoculation is less used for obtaining bacteria 
from the blood than from contaminated material, but it is essential in some casts 
In tularemia the organisms have been obtained from the blood in the first \»«l 
of the disease by inoculating rabbits or guinea pigs intrapcritoneally with from! 
to 4 ml. 

Anthtax and plague bacilli can be demonstrated by the inoculation of mice or 
guinea pigs. Tubercle bacilli arc easily found by guinea-pig inoculation. The 
spirochetes -of Weil’s disease may be seen in direct smears from the Wood, but arc 
difficult to cultivate on artificial media. Their presence, however, can be demon- 
strated easily by guinea-pig inoculation. When trypanosomes cannot be found in 
smears animals should be inoculated. 

In animal inoculation from 1 to 5 ml. of blood are injected intrapcritoneally or sub- 
cutaneously. After the animal’s death, cultures can be made from the heart's blood, 
liver, and spleen, and smears from these organs usually show the organisms. Characteristic 
lesions may be found in some cases. 

The presence of sonic of the nchettsias and filtrable tiruses in human blood has been 
demonstrated by the production of lesions in animals, and by the development of an 
infection from which, after recovery, they can be proved to be immune. This method 
is of great use in the diagnosis as well as in the investigation of diseases due to filtrable 
viruses 

Animal Parasites round in Blood. The examination of the blood for the parasites 
of malaria, filanases, kala-azar, and spirochetal fevers has been discussed under their 
respective headings. 

With trypanosomes from human trypanosomiasis, smears from gland juice or cacbro- 
spina! fluid seem more satisfactory to examine than blood smears unless the blood n 
taken m 5- to 10 ml. quantities and centrifuged in sodium citrate-salt solution 

A method in the diagnosis of trichinosis is to take 5 to 10 ml. of blood from a i cm 
at the time of the migration of die embryos to the muscles (10 to 20 days). The W 
is forced out into a centrifuge tube containing 3 volumes of 3 per cent acetic acid, an 
the sediment examined for trichina larvae. 
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Tor routine purposes it usually suffices to examine two single voidtngs one, obtained 
about two hours after the principal meal, which is most likely to show sugar and 
albumin, if present; and a second, obtained on rising in the morning, which gives a 
check on the concentrating power of the kidney A nute should always be made regard- 
ing the color, turbidity, specific grainy, reaction, microscopic examination of the sedi- 
ment; and chemical tests for albumin, sugar, and acetone For quantitative chemical 
studies it is necessary to collect the total urine for 24 hours, keeping it on ice, or using 
a preservative (preferably 2 per cent toluol) to prevent bacterial decomposition; or for 
shorter fixed periods, under standard conditions 
Color. Normally urine v ancs from pale straw to deep amber, according to its concen- 
tration, owing to the pigment urochrome. Rarely, it is pinkish (urocrythrm) In jaundice 
(bilirubin) it shows varying tints from orange-yellow to deep brown, and a yellowish 
foam when shaken Urobilin in large amount also gives it a brownish tinge, hut a color 
less foam. In hemoglobmurij it shows a clear reddish color. In hematuria it vanes from 
a smoky tinge to opaque bright red or reddish brown \ black tinge suggests melanin, 
which may be found in melanotic sarcoma, or in the rare constitutional anomaly, 
alkaptonuria Unusual tints (of tcilow, brown, red, green, or blue) may follow the ad- 
ministration of a great variety of drugs 

Turbidity. Cross turbidity in an old specimen of urine is usually due to the growth 
of contaminating bacteria, to amorphous mates (if acid), or to carbonates and phos- 
phates (if alkaline). Jn freshly voided acid specimens it is usually due to infection (pus 
cells and bacteria), but in alkaline specimens (shortly jftcr a meal) it is often due to 
carbonates and phosphates which dissolve after the addition of a few drops of dilute 
acetic acid A faint opalescence may be due to bacterium (without pus cells), as is 
frequent in typhoid fever In chyluna the urine is ojuque and milky white It follows 
rupture of a lymph vessel into the urinary (ussjges It is usually (but not always) due to 
filanasis The embryos may be present in the urine 

Specific Gravity This iv significant only when the sjvccimcn is collected under standard 
conditions If no fluid is taken during the evening and the bladder is emptied on re- 
tiring, the early morning voiding should have a specific gravity «>f I 020 or higher A very 
low specific gravity is usually due to excessive fluid intake, and should be viewed with 
suspicion in the ease of a candidate appearing for physical examination, since pathologic 
constituents often escape detection in the resulting dilution (See tests for renal func 
tion ) A low specific gravity in the 24 hour specimen may be due simply to a re 
stneted diet, a low wit intake, or copious water drinking. 

Reaction. Litmus paper, which is commonly used, uuially suffices, but it is a poor 
indicator Nvtraunc paper tv preferable, and with it an approximate determination of the 
J’M can be quickly nude provided the specimen is fresh. NormalJy the reaction i* acid 
csirpt shortly after a meal, when it may be alkaline ( ‘alkaline tide ') In special eases it 
maybe desirable to determine the pH more precisely or to measure the titratable acidity 
(see p »40) 

Urinary Sediments. For the examination of organized sediments the specimen should 
as jKrfuble If it t* not to be examined immediately, it shoulj be kept cold. 
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oe a little formalin should be added. Red cells and casts disintegrate rapidly ia warm 
specimens, particularly if dilute and alkaline. 

Sediment is best concentrated by centrifuging 15 ml. of urine at 1500 resolutions 
per minute for five minutes (not longer), decanting the supernatant urine, and suspend- 
ing the sediment m the few drops of urine that flow back from the walls of the tube. 
Take up some of the sediment with a capillary pipet and mount on a slide I drop of such 
size that when covered with a 22-mm. square coverslip it does not flood out from under 
the coverslip Examine with dim illumination under the low-power objective, particularly 
for casts, and identify individual cells present with the high dry objective A drop of 
Gram’s iodine solution may be added to stain the cells. 

In order to secure a. uniform degree of concentration, it is customary in the labora- 
tories of the U S. Naval Medical School to resuspend the sediment (from 15 ml) in 
exactly 1 5 ml. of urine. This facilitates the quick determination of an excessive num- 
ber of red cells or pus celts without recourse to elaborate counting procedures If 
desired, however, a sample of the resuspended sediment can be mounted on a hemacy- 
tometer and the average number of cells or casts in a 1 -sq. mm. held can be deternuocrl 
This is equal to the number present in l cu. mm. of original urine, and from this the 
total output can be calculated. 

Epithelial Cells. Moderate numbers of epithelial cells are constantly present in normal 
urine Large cells of the squamous type arise from the bladder or vagina. Smaller cuboidal 
or spherical cells which are attached to casts or which are filled with coarse refracule 
granules come from the kidney. It is practically impossible to determine the source of 
other types of epithelial cells with certainty from their appearance. Sheets of more of 
less round or caudate epithelial cells are suggestive of pyelitis. 

Cells with highly refractile lipoid granules (doubly refracule under a polarizing 
microscope) are common in the "nephroses " 

Renal cells containing hemosiderin granules are common in hemochromatosis aw 
occur m the active stage of various hemolytic anemias. Roud method (1918) may be 
used to demonstrate them (1) A fieshly voided specimen of urine is centrifuged an 
decanted (2) A little of the sediment is examined for brownish granules (intfacellu ur 
and extracellular). (3) The rest of the sediment is resuspended in a freshly mixed sou- 
tton containing equal parts of 2 per cent potassium ferrocyamde and l per cent ) & 
chloric acid (4) After 10 minutes this is centrifuged and the sediment examine 
blue granules (high dry objective). A normal urine should be treated in the same way a 


a control . , see 

Leukocytes. To differentiate a leukocyte from an epithelial cell it is necessary 
the lobes of the nucleus clearly. This is often impossible unless the prepare a > 
stained (as with Gram's iodine solution), or cleared with a drop of diJu te ac 
which dissolves the cell granules, and brings out the outline of the nuc eus i ^ 
A note should be made of the approximate number per htgcvpowcr c • ... 
vement method of recording is: + * (5 to 20 cells) +* (» »J0 cells); + ^ ^ 
% filled); +* (packed field). If abundant, note should be made of 
packed cells m the centrifuge tube. Precise counts are rarely worth ^ bc . 

Pus cells in a voided specimen of urine from a female may e Q j sp cctm«» 

cause of the frequent contamination with vaginal discharge In 3 ca . 3 per 

or in male urine, more than an infrequent leukocyte is patho ogi V 1000,000 » 
high-power field, if concentrated under standard conditions, an unnaty pa*- 

24 hours when estimated by the Addis method)- In acutc lR cc p frequently 

sages large numbers of pus cells are present, often a clumpy oB i y when 

found in acute and chronic nephritis. A renal origin 

they are attached to casts. ,i,fWntiate pus from the urethra 

In males, the use of two sedimentation glasses will diffcrenua P ^ firsts 
from pus coming from the bladder or pelvis of the kidney. If the urm 
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alone is turbid, it indicates urethral pus The presence of pus cells attached to macro- 
scopic shreds of mucus suggests a chrome prostatitis and posterior urethritis, which 
may, but need not, be gonorrheal. It is impossible to differentiate between cystitis and 
pyelitis by examination of urine voided, or catheterjzed from the bladder. Differentia- 
non must be made clinically or by ureteral cathetcnzauon 
In every male with pus cells {in any number) in the urinary sediment, one should 
examine the prostatic secretion obtained as described on p. 49. A drop of 10 per cent 
acetic acid (and a trace of methylene blue) should be mixed with a little secretion, and 
a drop examined (?!j-inch objective). Normal secretion contains epithelial cells, lecithin 
droplets, “amyloid bodies,” and an occasional pus cell, up to about 6 per high power field. 
More than 10 cells per field is pathologic — particularly if some clumps arc present. 

Erythrocytes. For the demonstration of red cells in urine, fresh specimens arc par- 
ticularly important This condition (hematuria) must be distinguished sharply from 
hemoglobinuria, in which dissolved blood pigment (but not intact cells) is present. The 
red cells may be morphologically intact, or be swollen, and often lakcd, so that only 
shadows remain, or shrunken, crenated, and distorted in varj'mg degrees, and occasionally 
fragmented. They must be distinguished from vegetable spores, yeast cells, refracule 
droplets, arid certain crystals, which sometimes resemble them. Their usually uniform 
diameter of 6 to suffices In case of doubt, a test for occult blood should be applied 
to the sediment, but it must be remembered that red cells can be demonstrated micro- 
scopically with case in urine which contains too hide blood to give a positive reaction to 
the benzidine test 

The approximate number of cells per high power field should be recorded, and, if 
grossly bloody, the volume of packed sediment + l , 3-8 cells; + 2 , 8-30 cells, + 3 , % 
filled field, +*, packed field 

Addis Counts. A few red cells arc present in the urine of many normal individuals. 
Addis (1926) kept subjects on a dry diet for a day, allowing the usual foods but no 
liquids. He then collected the urine for 12 hours (8 PM to 8 A.M ) during which 
fluids were still withheld, concentrated the sediment from 12 5 ml , and resuspended it 
in 0 5 ml. of urine. In such concentrated acid urine the structures are well preserved. 
He made enumeration of the ted cells, etc., by use of a hemacytometer, and calculated 
ihe total excretion for the 12-hour period. He found red cells in 40 of 04 normal medi- 
cal students, the total excretion ranging from 0 to 425,000 cells (820 per ml ) Counts of 
well over 1,000,000 he regards as pathologic, and in the absence of other sources of 
bleeding, as evidence of active nephritis The procedure is too umc-con wiming to be 
practicable for routine use but appears to be valuable in special cases in the detccuon 
of mild or latent nrpbniu (Hematuria occurs only intermitienUy to these cases ) Ade- 
quate information can usually be obtained by examining, in the ordinary way, a fresh 
preparation of the sediment collected by Addis* method. 

In women, contamination with vaginal and even rectal bleeding must be excluded 
Hematuria. Hematuria is most often met with in the following conditions (t) Trauma 

(2) Acme infccuons of any part of the urinary passages, including renal tuberculosis 

(3) Benign or malignant growths, parucularly hypernephroma and vesical polyps (4) 
Benign prosutic hypertrophy. (5) Renal, ureteral, or vesical calculi. (6) Kinks or 
strictures of the ureter- (7) Acute nephritis or acute exacerbauons of a chronic nephritis, 
occasionally in arteriosclerotic nephritis Blood cells in casts are always from the kidney 
(8) Poisoning with ccitain drugs, such as bichloride of mercury, phenol, furjicntme, 
caitlhanjcs, oil of sandalwood, methenamme (9) Chronic passive congestion (10) Renal 
uifatciiunt, and bacterial emboli in sepsis (11) Severe infections, such at smallpox, 
rkgue, yellow fever. (12) Certain tropical parasitic infections, as bilharziauv ami 
tilariasjj. (li) General systemic disease* with a tendency to bleeding, such as ptnpura 
and leukoma, (14) In some caves ("idiopaduc hematuru") in which no cause can be 
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Common sediments of acid untie Unc acid crystals, calcium oxalate crystals, and amorphous 
urates (X 1 SO > (Courtesy. 1 C Todd CJtntcaJ Diagnosis, Philadelphia, W It Saunders Co) 

jagged broken ends Transitions to hyaline casts occur They occur most often tn ad- 
vanced chronic nephritis and amyloidosis They may gn« a positive amyloid reaction 
Coarsely granular cash usually indicate nephritis Renal epithelial cells, red cells, or 
pus cells may be attached to turfs of anv tvpc, or mav make up the bulk of the case 
They indicate an active nephritis and usually an acute process The epithelial cells often 
show granular degeneration, ,nd the coarsely granular and laity casts contain the 
products of cellular degeneration Very broad casts { renal.Jjtlure easts) are characteristic 
of the advanced stage of renal disease 

Coarsely granular casts may be simulated by incrustations of precipitate about thick 
strands of mucus in decomposing specimens 

Unorganized Sediments. The tvpcs and quantity of crystalline precipitate depend 
mainly upon the reaction and degree of concentration of the urine An excess of any 
type of crystal is not indicative of a disturbance of metabolism With few exceptions 
they are of no practical significance 

The following are found in and unnes (1) Sodium and potassium acid urate' amor- 
pbout, yellowish red granules which dissolve on heating, or on adding alkali (2) Unc 
acid yellow iih crystals, usually of a whetstone shape, often clustered, rarely m Hat 
plates, soluble in alkali and m strong acids but not on licating (31 Cufrtims oxa/atr small, 
highly refractile, octahedral crvtuU ('envchpe crystals”), or rarely dumbbell shaped or 
spherical They are increased with a diet rich in oxalates (asparagus, spinach, tomatoes, 
rhubarb) The presrnre of clusters of calcium oxalate or uric add crystals in freshly 
I aided urine tugge'ts that conditions in «!-e urinary passages are favorable for calculus 
formation, but does not prove rhor presence (4) Rarely, cholesterol, evstm, is rosin, 
leucm, xantlun, henutotditi, luhserdm, indigo, melanin, creatinine, hippunc acid, sodium 
biuratc, calcium sulfate, neutral calcium phosphate 
In alkaline untte one tindv (l» Tuple phosphate (N.tfsMgt’Os A| 1 ; <)J cry suit. »n 
coffin hd or ternbkc form, easily soluble in acetic acid (2) Ammonium biurate cry vials, 
yellow, thorn apple in tliapc, sofuhlc m acetic acid (1) Calcium phosphate, sn slender 
radiating crystals or tlat plaits (4> Magnesium phosphate (rarely) (%) TntJstum 
phatphate {Cav(rO t ) s i. Magnesium phosphate j MgaO'O,);). and cal. turn carbonate 
as fine amorphous precipitate, easily soluble in acetic acid, the latter with effervescence 
They aic ihe usual cause of turbidity in freshly voided, alkaline normal unne They aie 
often pieopitjicd by heating an alkaline urine 





Common sediments of alkaline urine: Triple phosphate crystals, calcium phosphate cry mis, am* 
momum urate ert stall, and amorphous phosphates. (X 150) (Courtesy, /. C Todd: Claual 
Diagnosis, Philadelphia, W 1) Saunders Co ) 


1 he presence of numerous ammonium biurate and tnplc phosphate crystals in freshly 
'ended urtnc indicates bacterial decomposition uidiin the bladder. It occurs only 
where there is stasis, as in urethral obstruction, or paralysis of ihc bladder musculature* 
and is usually associated with a secondary acute cystitis, 

C)r//n cry stair occur in the urine (cy/unuria) in a rare constitutional anomaly which 
results in an inability of the body to break down protein completely in the normal man' 
ner, and which is characterized clinically by a marked tendency to form renal calculi. 
They appear as transparent, hexagonal plates (sometimes only after concentration of 
the urine). They can he distinguished from uric acid and other similar crystals by die 
fact that they dmohe in hydrochloric acid but not in acetic acid; that they dissohein 
ammonia, and recrystalhzc when the ammonia is driven off by gentle boiling, and that 
when dried and heated they char, and give off an odor of burning wool. 


Lcticin and ty rosin are excreted by patients with marked destruction of hver tissue 
(acute yellow atrophy), but crystals are rarely found unless the unne is concentrated. 
Urine sliould be freed from albumin and filtered (preferably with basic lead jeetatf* 
removing excess of lead with hydrogen sulfide). It is concentrated on a water bath 
to a syrup, urea is removed by several extractions with alcohol; and the residue is ex- 
tracted with hot, dilute, ammoniacal alcohol. The latter is filtered, concentrated, an 
allowed to stand. Leucm appears as small, spherical, yellowdi crystals which show 
radial and concentric striations, and which dissolve in hydro* olonc acid and boiling 
glacial acetic acid. Tyrosin appears as yellowish or blackish, t;ae needles arrange 
spherical clusters or sheaves They can be identified by their solubility in hydrochloric 
acid and in ammonia (but not in acetic acid), and by the ficr that they gne a £ r “ n 
color when boiled with M timer’s reagent (I per cent formalin in 55 per cent sulfuric aci • 

SftroNAMii>£ Crystals. These may be present in the urine during the aommisua o 
of any of the sulfa drugs, particularly if the patient is allowed to become e I 
and the urine volume is scanty They may be composed of the free drug or o 
acctylated form They cannot be identified with certainty from their structure a on , ^ 
if there is doubt, they may be concentrated by centrifugation, suspended in « ’ 

and identified chemically by the procedure used in determining sul on j m ‘ * s , 
blood (see p 794). The presence of a few crystals is usually of no sigmficanc , 
numbers of them constitute a danger signal. . 

Extraneous Parti Cues In examining urinary sediments it is imporian 
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Tibet!, starch granules, etc., which may be found in unne sediment. 72 gives appearance under 
microscope of scratches on old used glass slides (15a) Tyragfyphut lonpor, a mite. (H2>) 
Tnchomortat t agmjht (Mu) Egg of D/oetophy ms (f6b) Zchtnococcut hnwhleu. (!6c) Seh/tto- 
loma egg (76<7) Wucherem bone rofu embryo 

with the various textile fibers and starch grains which arc sn frequently present, the fibers 
coming from the clothing and the starch grams from dusting powders Wool fiber frag- 
ments show bark or scalelike imbrications and are round Cotton fibers arc flattened and 
twisted, whereat linen ones show a striaicd flattened fiber with frayed segments as of a 
cane stalk Silk shows a glasdikc Uibe wuh mashed its ends 

Corn and rice grams are the most common of the starch grams and their nature is 
immediately disclosed by their blue color when mounted in iodine 

Anal) sis of Urinary G»3culi 

(Klopsfoek and Kmtanki ) 

There are four principal types of urinary calculi (3) Uric a rid or waics Acid sodium 
urate u mote common than ammonium urate (2) Phospiulcs of calcium and magnesium 
and calcium carbonate ( l) Calcium isolate (4) Cyiun and xamhsn (rare) <5) Mixed 
calculi Willi layers of ditlerrnt composition 

To some extent calculi may be ditTerentiatcd by their color, the character of the 
surface and their conus fence 

Color. Urate stone* are srllow to dark brownish ted. phosphate, whitish, gray or gray' 
tshyeHaw 1 oxalate, chiefly bn as nidi red a> black, although the smaller ones may be 
white or gray, cy»tin, pale yellow . and xantiun, bright brown 

Surface Appearance. Oxalate calculi are rough or tuberculatcd (mulberry stones), 
urate calculi are slightly rough Phosphate calculi fuse a smooth nr sands surface cy stirs 
and xarvtlun stone s arr usually smooth 

Consistence. t'yum and phosphate Hones aic the sfl {test, the former are ssaxhkc, tiie 
latter earthy or chalky and somcwlut brittle Urate stones arc much harder, and oxalate 
cafcuti we the hardest. 
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Chemical Examination op Calculi 

The largtr stones should he sawed into two pieces, the tot surfaces smoothed and 
washed with water If it is possible to distinguish a distinct nucleus surrounded bv 
concentric layers, split off the successive fayers with a kmle, and caamine the nucleus and 
each layer separately. If the stone appears homogeneous, crush it and grind it up to a fine 
powder m a mortar. 


Transfer a portion of the powder to a piece of plannum foil and heat. 

A. If the powder bums up entirely or leaves only a slight rescue it is composed of 
organic materials (uric acid, urates, cystin, xamhm). 

Urate and xanthm stones hum without a flame and give off an odor of prussic 
aevd. Cystin stones burn with a bluish flame and give an odor of sulfuric acid. To 
differentiate. 


1. Moisten a second portion of powder with nitric acid and evaporate it to dry- 
ness. If the addition of a drop of ammonia to part of this dried residue gives a purplc- 
red color, and if a drop of sodium hydroxide gives a blue-violet color, the stone contains 
uric acid or urates (murexide test). 

2. If the addition to the original powder of a drop of sodium hydroxide yields am* 
monia, the stone contains ammonium urate. If it docs not do this and burns completely 
with a glow, it is pure unc add. Other urates yie/d a slight residue. 

3. If the addition of ammonia to the dried powder gives no color, but if sodium hy- 
droxide gives a bright-red color, the stone is of xanthtn. 

4 Cystin stones give no color with cither. They dissolve easily in ammonia and 
separate from the solution as hexagonal plates when the ammonia evaporates. 

B. If the specimen does not burn appreciably, or if it only blackens and (after gloiving) 
leaves a considerable residue, it is composed largely of phosphates, carbonates and 
oxalates. 

I. Dissolve the residue (or some of the original ponder) in hot dilute hydrochloric 
acid (Any organic matrix or uric acid present will not dissolve ) Cool and clear by 
centrifugation or filtration and test the insoluble portion for uric acid by the murexide test. 

2 Dilute the filtrate with a little water and add ammonia until it is strongly alkaline. 
The formation of a precipitate may be due to (a) earthy phosphates (calcium and 
magnesium phosphates, or triple phosphate — ammonium magnesium phosphate) or (b) 
calcium oxalate 

3. Remove the precipitate by centrifugation, and to it add acetic acid The earthy 
phosphates dissolve. Calcium oxalate docs not dissolve and can be identified by the 


shape of the crystals 

4 To the accuc acid solution add ammonium molybdate and nitric acid, and neat 

the mixture to 60° C The formation of a yellow precipitate indicates the presence of 
phosphoric acid , 

5 If no precipitate forms upon the addition of ammonia in (2), the calculus is cither 
calcium or magnesium carbonate To a bit of the calculus add a drop o y roc i on 
acid. The evolution of gas (COj) proves the presence of carbonates 

6. To half the ammomacal volution add ammonium oxalate solution The tormat.o 
a precipitate (of calcium oxalate crystals) shows the presence of calcium carbonate ■ 

7 To the other half of the ammomacal volution add sodium phospha e 
The formation of a precipitate (of triple phosphate crystals) shows the pre 
magnesium carbonate 


Chemical Tests of Urine 

Tests for Protein (Serum Albumin and Serum Globulin). The urine must be c)w 
If cloudy,' It must be filtered, after shaking it up with Kresdguhr if necer ary 
fi U T » Acetic Acm A Hun-walled test tube K 
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and the upper portion (about 1 inch in depth) tv brought to gentle boiling o \ cr a free 
flame A few (3 to 10) drops of 5 per cent acetic acid are added drop by drop, and the 
boiling continued A cloud which appears on boiling and disappears on addition of acid 
ij due to carbonates and phosphates A cloud which persists or increases to density after 
acidification is usually due to albumin 

A positive reaction nu) also be given by mucin ("nudeoalbunnn”), a substance which 
may be secreted by the mucous membranes of the urinary passages, particularly if 
shghltv inflamed or irritated It may be differentiated from albumin by the fact that it is 
precipitated by acetic acid in the cold fr lias no clinical significance 

Interference by mucin can be avoided and the test made more delicate by adding to 
the urine one fifth its volume of saturated sodium chloride, and 2 to 5 drops of glacial 
acetic acid before boiling (Purdy) We regard the lest thus modified as the most prac- 
ticable and delicate of the ordinary procedures for routine work 
The approximate strength of the reaction may be expressed as follows Trace a faint 
cloud, clearly seen only when viewed against a dark background, best with illumination 
from above +*. a cloud which is distinct, but still transparent. +*’ a uniform opaque 
cloud + 3 a dense cloud which does not immediately flocculate +*; immediate for- 
mation of a flocculcnt coagulum 

Nitric Acid Test (Htu-tn) In the bottom of a conical glass or wide test tube put a 
few ml of concentrated nitric acid, or preferably Robert's reagent (HNOa, 100 ml., 
saturated aqueous solution of MgSOi. 500 ml ). Over this lajcr carefully a few ml of 
clear urine, by inclining ihc tube and allowing the urine (from a pipet) to flow slowly 
down the side of the tube Examine after three minutes In the presence of albumin an 
opaque white cloud (“ring”) forms at the plane of contact In the absence of albumin 
confusing rings may be formed at the surface of contact by urea nitrate crystals (avoided 
by diluting the urine), and by resins (soluble tn alcohol) Rings above the line of 
contact may be formed by urates, or mucin. Colored rings without turbidity, due to 
oxidation of pigment or ingested drugs, should not be confusing This test is less sensi- 
tive than the preceding one, but useful when only small amounts of urine arc available. 
Urine containing 0 0033 per cent albumin will give a perceptible ring in exactly two 
minutes A quantitative estimate can be made by determining the dilution of urine with 
On per cent salt solution which will just give a reaction in two minutes, and multiplying 
this by 0 0033 per cent 

Quantitative Estimation with esbach's alsuminometer A rough quantitative esti- 
mation may be made with Esbach’s albummomcter when considerable albumin is prevent. 
The clear urine is added to the mark U, if not strongly acid, 1 or 2 drops of glacial 
acetic acid is added, and the tube is filled to the mark R with Tsuchiya's reagent 
(phosphotungstic acid, 15 Cm , HC1, 5 ml , 95 per cent alcohol, 85 ml ). The lube 
is mixed by gentle inversion several times, and allowed to stand ;ust 2-1 hours. Die depth 
of the precipitate is read on the graduated tube, and gives directly live protein content 
in Cm per liter 

i-cruv's Mtntoo Put 10 ml unite in a graduated centrifuge lube, add 2 ml of 50 per 
ceni acetic acid, then 3 ml of 10 per cent potassium frrrocjamJe Mix by gentle in- 
version, and after standing 10 minutes, centrifuge exactly three minutes at 1500 revolu- 
tion* per mmuic in a centrifuge having a radius of <Pi inches with tubes extended Al- 
bumin (in per cent by weight) = 0 21 X volume of sediment m ml 

»« LEOEAUcmc ACit> METHOD The assocution of Life ltuutip.ee Medical Directors of 
America ha*c adopted the following method. In a tevt tube graduated at 10 nil, piper 
25 ml clear unne, fill tn the mark with 3 per cent sulfosabcyhc acid, and mix by 
inversion After 10 minutes compare the turbidity with that of standard tubes of 
known protein content, bund aids that arc permanent for at least eight munihs can be 
nude by the following method (Kingsbuiy, 1926) or can be purchased (tee also j» 749). 

(rthlin Solution Dissolve 50 Cm. gelatin (Difco) in about J50 ml distilled water at 
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“box'. a " d d '' U “ 5 “ Wi ' h M,Cr - Thi! ma >' bc iK,rcd l °* » fc W dxys (only) i„ tll! 

Dk° 0 hriVrT n>: 7 DiSMlV - °i S Gm - hydrazinc sulfa1 ' *” « -l. distilled „„„ 
Dissolve 2.5 Cm. methciutmnc to 25 ml. distilled svater, and pour this sloi.lv in n ike 
h ydraaine .olfate ^ otioo sl'ttto,; eonstaotly. Stopper and let stand 18 to 24 hours. 

It/nl f sn T 200 m 'r° f thc ° P " gchtm ““ lu,lon . warmed to 40* to «• C add 
0 6 ml. of 40 per rent formaldehyde and 29 ml. freshly a E itated, warm formadn’sas 

nriHr’ “ d "” X ' "/.f"" ° f l “* c < “ b " “ flasU prepare mixtures of formarin- 
follomng ub!T a " d 10 ^ ““ SCla ''“ solt,,io " in ,hc quantities indicated in the 


Table V 


Quantitative Estimation of Protun in Urine— Kingsbury'* Standard 


Formazin-getaOn 

Suspension 

nil. 

10% Gelatin 
ml. 

j Turbidity Corresponds to: 

Protein in mg, per 
100 ml. 

Protein m 
per cent 

50 

0 

100 

010 

37.5 

12 5 

75 

0 075 

25 

25 

50 

QOS 

20 

30 

40 

0.04 

15 

35 

30 

003 

10 

40 

20 

002 

5 

45 

10 

0.01 


Select tubes identical in diameter with those used in examining the urine, pour 10 
ml. of each standard into one of these tubes, stopper tightly, chili in cold water to 
solidify the gelatin, and store in a room cool enough to prevent melting of the gelatin 

Notes. Although it is important to hate a rough estimate of the amount of albumin 
present, the additional information gained by precise estimations rarely repays, for 
practical purposes, the time spent in making them. 

The use of more sensitive reagents such as trichloracetic acid for routine purposes U 
undesirable, as they often give a positive reaction with normal urine, and may be con- 
fusing. 

Proteoses, which arc protein decomposition products, may appear in the urine in 
conditions in which necrotic tissue or inflammatory exudates are being absorbed. They 
are precipitated by sulfosalicyhc acid, trichloracetic acid, and in part by cold nitric acid, 
but not by heat and acetic acid Care must be taken to distinguish them from albumin 
the former reagents arc used, as their significance is entirely different. , . 

To remove albumin as a preliminary to other tests, put a measured volume of urine in 
an Erlenmeyer flask, acidify slightly with dilute acetic acid if not acid to litmus, an 
bring to boiling. In case the albumin does not separate as a flocculent precipitate \ n 
merely causes a diffuse turbidity), if the specific gravity is low, add a ew • 
saturated sodium chloride solution, and again boil. If necessary add more 01 ute acc 
acid, drop by drop, boding after each addition. Excess of acid must be avoi e • 
until clear, and test filtrate for albumin, preferably with sulfosalicyhc aci . 
original volume. 

Significance. A positive reaction for albumin by the usual tests is P rob ^ 
ways pathologic, but it may occur as a result of clinically msigm cant at ' 1 ^ 

causes, and by no means necessarily indicates kidney disease. The s‘gn^ ^ 
albuminuria depends entirely upon the condition causing i . 
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determined by a clinical study of the patient in conjunction with the results of 
urine examinations, and rarely by the latter alone. 

Albumin may enter the urine through the kidney, or 3t any point in the urinary 
passages (“postrenal albuminuria"), usually as a result of local bleeding, irrita- 
tion, or infection. Albumin may appear in the urine as a result of irritation or 
disease of the kidney (renal albuminuria) or of circulatory disturbances or other 
extraneous conditions (“prerenal albuminuria”). In either case casts are usually 
present also, although there is no close parallelism between the number of casts 
and the amount of albumin present. Among the causes of prerenal albuminuria are 
congestion resulting from myocardial failure, or pressure on the renal veins by a 
pregnant uterus, or a tumor; severe anemia; and probably excessive muscular exer- 
cise, and cold baths. 

The orthostatic albuminuria of adolescents probably belongs in this group. It is 
characterized by the excretion of albumin, often in large amounts, while the patient 
is active in the erect posture, and complete disappearance of the albumin while 
prone »n bed No casts or blood cells are present, and renal function is normal 
while prone, but in the erect posture renal epithelial cells and casts (hyaline or 
more often granular) may be excreted, and renal function may be impaired, as 
determined by the more sensitive tests (Rytand, 1937). Many cases show an 
exaggerated lumbar lordosis, and pressure on the renal veins has been suggested 
as an explanation. Others attribute it to circulatory disturbances associated with 
vasomotor instability and a low pulse pressure. In its slighter degrees it probably 
accounts for most of the "physiologic" or benign albuminurias of adolescence. 
The prognosis is usually good, although the diagnosis must be made with caution, 
since po<turc may have a marked influence on the albumin output in true nephritis. 
Renal albuminuria may be due to irritation from various drugs and poisons, 
notably mercurial salts, lead, phenol, turpentine, canthandcs, mustard. It also 
occurs frequently in many acute febrile diseases, such as typhoid fever, pneu- 
monia, and scailet fever and other streptococcal infections, without evidence of 
a true diffuse nephritis. It is practically constant in all forms of nephritis, includ- 
ing the focal nephritis of chronic sepsis, the arteriosclerotic nephropathies, amy- 
loid kidney, and chronic pyelonephritis, as well as acute and chronic glomerulone- 
phritis, including the "nephroses." In acute nephritis the quantity of albumin 
vanes with the acuicncss and seventy of the process, is usually large, and with the 
presence of red blood cell casts, makes the diagnosis certain. Extremely large 
amounts of albumin (20 to 80 Cm. per liter) arc seen chiefly in "nephrotic" types 
of nephritis, including syphilitic nephritis. In other cases there is no definite rela- 
tion between the gravity of the disease and the degree of albuminuria. Inconstant 
traces only may be excreted m advanced stages of contracted kidney. The presence 
of epithelial cast* and coarsely granular casts indicates active disease of the kid- 
ney with injury to the tubular epithelium, usually a nephritis (particularly if red 
cell* are also found). 

It ha* nut been possible to make a classification of cases of nephritis which har- 
monizes both with the anatomic changes w the kidney and the clinical manifests- 



Table 78 

Clinical Types of Renal Disease 
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tions of the disease, nor to predict with any constancy from the latter, just what 
the autopsy findings will be Table 78 shows the usual major features in typical 
cases of the main clinical types of nephritis Many transitions and combinations 
occur 


The term "nephrosis** has been u«cd for the sake of brevity »n these discussions at a 
synonym for "acute degenerative nonhcmorrhagic nephritis with edema," the so-called 
lipoid nephrosis The term is a misnomer at applied 10 these cases, since recent work 
has shown that there are invariably some inflammatory changes in the kidneys, and 
the condition cannot be differentiated sharply from ordinary acute hemorrhagic nephritis 
with edema 

Bence-Jones Pro-tun This may be demonstrated by acidifying a clear specimen of 
urine with dilute acetic acid, and heating gradually in a water bath A turbidity or 
precipitate which is maximal at 60° C., and which dissolves on boiling and reappears on 
cooling, indicates its presence If albumin is also present it may be removed by filtering 
the hot urine (not always successful). The Bence-Jones protein, if present, will repre- 
cipitalc on cooling The substance appears in many (not all) cases of multiple myeloma, 
and rarely in leukemia and in carcinoma or other malignant growths invading the bone 
marrow 

Covso Rio Tist for Amyloidosis (l) Inject intravenously 0.25 ml per kilogram of 
body weight (not over 18 ml) of a l 5 per cent solution of Grublcr's Congo red (See 
Blood Volume, p 398 ) (2) Four minutes later withdraw 10 ml of blood from the op- 
posite arm with a dean synngc and oxalate in a graduated centrifuge tube, taking the 
usual precautions to prevent hemolysis (3) One hour after the injection similarly ob- 
tain and oxalate a second 10-ml. specimen of blood Also secure a specimen of urine 

(4) Centrifuge both the four minute and one-hour specimens until the plasma is clear 

(5) Transfer the plasma to colorimeter cups (6) Set the cup containing the four minute 
plasma at 10 mm. (regarded as the 100 per cent standard), and match the other against 
it 


The per t e„, o! d>, xU.ocd = * JOG. 

Reading of I hour plasma 

The per cent of dye eliminated is obtained by subtracung this figure from 100 per cent 
Jn normal cases less than 30 to 40 per cent of the dye is eliminated (usually Jess than 
20 per cent) In "nephrosis" from 40 to 00 per cent may be eliminated, but a considerable 
amount of the dye will be found m the urine, which will be deep red in color The 
elimination of more than 40 per cent (usually more than 60 per cent) of the dye from 
the blood without the appearance of much dye in the urine usually indicates amyloidosis 
The result of the ten may be misleading, however, in individual cases 
$ugar. Reducing substances, including some fermentable carbohydrates, are prevent in 
traces <0 1 per cent or less) in normal urine The amount of glucose appears to be very 
minute In pathologic conditions larger amounts of glucose may be present, rarely also 
lactose, Icvulosc, maltose, and certain pentoses. All these sugars reduce alkaline copper 
solutions Preservatives interfere with some of the tests. Albumin, if present, should be 
removed 

Itisinicr's Quai itatwr Tut This is the best for routine uve, as it is more sensitive, 
and gue« fewer positive reactions with other reducing substances than do other methods 
(t is not reduced by formaldehyde or chloroform 
To make the volution dissolve 173 Cm sodium citrate and 100 Cm anhydrous sodium 
carbonate (nr 200 tim crystalline) in 700 mh water (boding water bath), and filter Add 
slowly, with constant inning, 17 3 Cm. copper sulfate dissolved m 100 ml water, cool, 
and dduir to ) birr It if cps indefinitely 

riuci&iu (l) Pul exactly 5 ml of the solution in a test tube, and heal to boding 
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(to check solution). (2) Add 0.5 ml. urine (8 to 10 drops only) from a pipet (3) Mix 
well, and put m boiling-water bath for five minutes or boil vigorously over a free flame 
for one to two minutes. (4) Remove and let cool slowly. A positive reaction is indicated 
by a general turbidity, due to the formation of a bulky precipitate which is greenish, 
yellow, or brick-red, according to the amount of sugar present; and, later, by the deposi- 
tion of a yellow or red precipitate. A whitish turbidity or sediment is due to urates and 
is of no significance. A weak reaction may be evident only after standing. The test will 
detect glucose in concentration of 0.02 per cent A positive reaction is not specific for 
glucose but merely proves the presence of some reducing substance. Weak and usually 
somewhat atypical reactions may be obtained after the administration of many different 
drugs. When a reducing substance is found for the first time in the urine, it must be 
further identified by the fermentation test, and if the reaction is positive, preferably also 
by the phenylhydrazme test. 

Fomentation Test. (1) Boil about 25 ml. of urine (free from preservative) to lull 
colon bacilli which may ferment lactose if that be present, and cool. (2) Rub tip a piece 
of fresh yeast the size of a pea in the urine, and acidify faintly with tartaric acid, if 
necessary (3) Put in fermentation tube, taking care that all air bubbles arc expelled, and 
incubate a few hours (4) If not certain that the yeast is active and free from fermentable 
sugar, similarly set up controls of yeast in normal urine; and yeast in normal urine to 
which glucose has been added tn about the same percentage as that present in the speci- 
men which is to be examined. 


A positive reaction is indicated by the appearance of gas in the closed arm of the tube 
about equal in volume to that in the tube to which glucose was added; or if less than 
about 0 1 per cent of glucose was present, merely by the failure of the fermented urine to 
reduce Benedict's solution. 

Although this test may (rarely) give false positive reactions, in conjunction with a 
positive Benedict’s test it practically proves the presence of glucose. Levulose, and galac- 
tose and maltose (slowly) react similarly Their differentiation from glucose is difficult 
and rarely of any importance, since practically they only occur with glucose in diabetes. 
Lactose and pentoses are not fermented. Glucose is the only reducing substance which 


produces a hyperglycemia. 

Phenylhydrazjne Test (Kowarski). This is not a practicable procedure for the de- 
tection of glucose, but is of value in identifying it conclusively. (1) In a test tube put 5 
drops basic phenylhydrazine, (2) 10 drops glacial acetic acid, and (3) I ml. saturated 
sodium chloride solution. (4) Add 4 to 5 ml. of filtered unne and an equal volume of 
distilled water, insert a small piece of glass tubing to lessen bumping, and bod over a 
free flame with constant shaking until the volume is reduced to about 3 ml (5) Put in 
hot-watcr bath and cool slowly without agitation. (6) Examine under the microscope or 
glucosazonc crystals, which appear as fine straight needles arranged in fans, sheaves, or 
spherical clusters Their appearance is practically pathognomonic After purification t>y 
rccrystallization from hot 60 per cent alcohol, they melt at about 200 C. Only a posmv 


reaction is significant. . , , , . 

Levulose yields the same osazone. Similar osazones may be obtained trom la , 
galactose, and maltose, but only under special favorable conditions, very ' ««y *% • 

They can be differentiated from glucosazonc crystals by their shap , * s 

broaden* 1 blunter crystals, and lactose, fine, curled crystals. Pentoses y.dd ossroaes 
melting at about 165* C., and glycuromc acid an osazone melting at • obumcd 
Quantitative Estimation op Glucose A mixed 24-hour specim 
and its volume noted . « n tntinn fl) dissolve 

Beliefs qiaSuatwc solution rs recommended. To prep”: ^ carbonate, 

about 650 ml. oflwatcr 100 Gm anhydrous or F.lter * 
200 Gm. sodium (or potassium) citrate, and sul fcte (crystals). ( 3 ) 

necessary. (2) In 10(? ml. of water dissolve exactly 18 0 Gm. copper 
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Pour slowly, with constant stirring, »nto the above solution (4) Add 5 ml. of 5 per cent 
potassium ferrocyamde solution. (5) Cool, dilute to 1 liter, and filter if necessary. It 
keeps indefinitely. Twenty-five ml are reduced by 0050 Gm. glucose- 
pRoctDUJiE. <1> Dilute the urine 1 r 10 unless the amount of sugar is small. (2) To 25 
ml of the reagent in a 500-mL Et’enmeyer flask, add 10 Gm anhydrous sodium car- 
bonate and a little powdered pumice stone, and bring to a boil (3) From a buret add the 
diluted urine rapidly until a chalky white precipitate begins to form, then more slowly, 
a few drops at a time, until the blue color has disappeared. The flask must be kept boiling, 
and be constantly agitated and water lost by evaporation must be replaced. 

Calculation: 


0050 X 10Q 
No m! of urme 


Per cent glucose. 


If only small amounts of urine are available, 5 ml. of reagent may be used, in a 100-ml. 
flash 

Calculation. 


0010 x 10 O 

No. ml of urine 


Per cent glucose 


Any other reducing substances present are included with glucose in these measure- 
ments 


Significance Recent work indicates that the fermentable reducing substances 
in normal urine include only insignificant traces of glucose (less than 0.01 per 
cent), and consist largely of unutthzable carbohydrates from the food. The 
normal individual does not excrete appreciable amounts of glucose until the blood 
sugar rises above a definite "rising threshold “ level. This varies with different in- 
dividuals from 114 to 216 mg. % in arterial blood (Host), but is constant m the 
same individual. If it rises much above this level and if the rise is maintained 
for an appreciable time, considerable amounts of glucose will be excreted. Once 
initiated, the excretion of glucose continues until the blood sugar has fallen to a 
level considerably below that at which excretion began — the “fatting thieshold" 
level. This also varies greatly and may be at or near the normal fasting blood-sugar 
level. 

Glycotuna may occur in a normal individual as ^ result of any of the factors 
which may elevate the blood sugar, enumerated on p. 775, provided the rising 
threshold level is exceeded It is frequently seen as a result of powerful emo- 
tional disturbances. It occurs in some normal persons after a heavy carbohydrate 
meal, although in most normal individuals if is difficult or impossible to administer 
enough carbohydrate {as starch or glucose) by mouth to produce a glycosuria. 

Glycosuria may occur in a variety of pathologic conditions other than diabetes. 
The most important ones have already been enumerated as causes of hyper- 
glycemia (sec p 775). The possible presence of these conditions must always he 
considered, but a persistent glycosuria associated with a high fasting blood sugar 
in an individual on an ordinary diet usually means diabetes mclhtus. Absence 
of a glycosuria docs not exclude diabetes. Apart from the effect of dietary restric- 
tion, cldctly diabetics with considerable arteriosclerosis may show little or no 
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sugar in the urine, although their fasting blood sugar i s 200 mg. V or even 
higher (high threshold). 0 

Lactose is often excreted in the urine of lactating women and occasionally in sucklings 
Pentoses may be excreted after eating large quantities of fruit. They are also met with 
m a rare constitutional anomaly, " pentosuria," a condition which does not a/Fect the 
health but may be mistaken for diabetes. They are nonfermen table. Galactose is rarely 
found except after its administration as a test of liver function. Glycurontc acid com- 
pounds are excreted in minute amounts in normal urine, but they may be increased 
greatly after taking certain drugs (chloral, camphor, morphine, salicylates, etc.). They may 
be mistaken for glucose as they will reduce Benedict's solution, but arc not fermentable 
Another nonfermentable reducing substance is homogenttsic acid, excreted in the rare 
constitutional anomaly, alkaptonuria. Urine containing it blackens on standing, from 
oxidation 


Ketone Bodies. Acetone, diacetic acid, and /?-hydroxybutyric acid are present 
in large quantities in the urine (ketonuna) in cases of diabetic acidosis. Smaller 
amounts of acetone and diacetic acid may he present in normal individuals or in 
other conditions if the individual is starved or if on a diet which is very high in 
fat and low in carbohydrate. Ketonuria indicates incomplete oxidation of fats. 
The former view, however, that this is due directly to the inability of the body 
simultaneously to oxidize glucose has been largely abandoned. The demonstration 
of acetone and diacetic acid in the urine in diabetes is of great practical value in 
indicating the presence of acidosis. If the reaction for diacetic acid is strong, 
/Miydroxybutyric acid may safely be assumed to be present also. However, 
quantitative estimations of these substances are less valuable in measuring the 
degree of acidosis than are other simpler procedures (e.g., the COa combining 
capacity of the plasma) and are rarely worth the time required to do them. 


There are other types of acidosis in which ketonuna docs not occur. 

RoThera’s Test for Acetone. To 3 ml urine add an excess of ammonium sulfate and 
shake until saturated Add 3 drops of fresh 5 per cent solution of sodium nitroprusSi c, 
and layer over this 1 to 2 ml. concentrated ammonia. A positive reaction is indicated y 
a reddish-purple band appearing within 15 minutes. The test is delicate, and hke a 
clinical tests for acetone reacts also with diaceuc acid. A weak positive reaction has lit c 
significance ... , . 

If a posiUve reaction is obtained, test for diacetic acid by Gerhardts medio . ( 
which gives a negative reaction to Rothera’s test will never give a positive reaction o 
Cerhardt's test) The urine must be fresh, as diacetic acid is converted into acetone 

Gerhardts Test for Diacetic Acid. To -5 ml. urine add 5 per cent ferric chloride drtp 
by drop until the precipitate which fortns rcdtssolves. In the presence ° <nCf , m cn 
diacetic acid a deep-red color develops.; As a control, repeat the t«t w) , , )t 1S 

ivhich has been boiled to drive oft the Lccnc acid. ( f a red color to 
due to other substances, which occur commonly after taking sa -cy in dicatcs a 

sodium bicarbonate, etc ) This test is not very delicate A positn 

~ 

- " ~"' OTd ,nto “* 

disturbing substances are eliminated 
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Ketogenic Diet. An artificially produced ketosis by means of a diet high in 
fat and very low in carbohydrate has been utilized for the treatment of epilepsy 
and migraine, and also for urinary-tract infections. In epilepsy a moderate ketosis 
is maintained over a long period, whereas in infections of the urinary tract an 
abrupt and intense ketosis should be developed over a period of about 10 days. 
The introduction of the sulfonamides and of penicillin, however, has greatly 
limited the need for this procedure 

Bile Pigments. Bilirubin and bile salts are present in the urine in any condition causing 
obstructive jaundice. The obstruction may be only partial, and may be due to disturbances 
within die liver, as well as in the ducts Bilirubin may be demonstrable in the urine when 
there i* no visible tingeing of the skin or sclerae 
Foam Test On shaking the urine, the foam shows a yellow color (Not sensitive, or 
specific ) 

Gmelin’s Test (Rosenbach's Modification) (J) Shake up the urine and filter a con- 
siderable quantity through a small filter, (2) Dry paper and sediment, in air (3) Add a 
drop of yellow nitric acid to paper. A posiUvc reaction is indicated by a play of colors- 
first, green, then various shades of red and blue It is better to apply the test to the 
(dried) precipitate obtained when bile is removed as a preliminary to Schlesmger's uro- 
bilin test, q v (Not sensitive, fairly reliable if positive ) 

Ai-coholic Iodine Rfaction Over the urine, layer a 1 per cent alcoholic iodine solution 
If positive, a green band appears (Simple, fairly sensitive and reliable ) 

Hlppeht-Naivavama Reaction (1) In a centrifuge tube put 5 ml. urine and 5 ml. 
5 per cent barium chloride solution (2) Centrifuge two minutes (3) Decant and dis- 
card the fluid (4) Add to the precipitate 2 ml ferric chloride reagent, mix, and heat 
just to boiling (about 10 seconds in a boiling-water bath). If positive the fluid turns green 
or bluish green. (5) Add I drop of yellow nitric acid If positive the color changes to 
violet and red 

kdacfnt To 990 ml alcohol add 4 Cm feme chloride and 10 ml. concentrated hydro- 
chloric acid, and heat to boiling 

The test is sensitive (I 1 ,000,000), and reliable if a negative reaction is obtained with 
norma ) urine run in parallel as a control 

Bile Salts. Hws Test Put the cool urine in a beaker, and sprinkle finely powdered 
sulfur on the surface If bile acids arc present in concentration of 001 per cent, they 
lower the surface tension, so that the sulfur sinks at once If it floats even after gentle 
shaking, the reaction is negative. (Sensitive but not specific ) 

Urobilinogen and Urobilin. Urobilinogen and urobilin arc present in small 
amounts in normal urine They are absent tn patients with complete obstruction 
of the common bile duct. They arc increased in conditions associated with in- 
creased blood destruction, or with diffuse fiver injury. In freshly voided urine 
pigments are largely or entirely in the form of urobilinogen, which is rapidly con- 
verted into urobilin by light and acid. 

UkokiMNuoi n Tist To j small amount of frdh urine add one-tenth its volume of 
Lhrlich’t reagent (2 per cent solution of paradimcth>lanud«bcnca!dchyde m 20 per cent 
hydrochloric acid) Let stand 10 minutes in the dark. A nomul urine shows a distinct 
hut rather faint reddish unge (much iiiirnutieJ by heating) When urobilinogen is in- 
creased, a deep, bright red color raj.iJIy develop* If more than a faint color is present 
xt up a scries of grajed dilutions of urine (2 ml each in small lest tubes) from I 10 to 
I s2W, add 0 2 ml of reagent (do not heat), after five minutes impcct by looking down 
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through the fluid against a white background. Note the h.ghest ddution giving a dhtaa 
pink color. The reaction of normal urine is negative in dilutions higher than 1 : 10. 

Scum's Test ior Urobuin (1) If b.lc is present, first remove it by adding one- 
fifth volume of 10 per cent calcium chloride, and one-fifth volume of saturated calcium 
carbonate solution, and filtering. (2) To 10 ml add a few drops of ,odme solution (eg. 
Lugols), to convert all the urobilinogen and (3) an equal volume of saturated alcoholic 
zinc chloride solution (or 10 per cent alcoholic zinc acetate solution), mix, and filter. 
Look for a greenish fluorescence, by holding the tube in bright sunlight against a black 
background, focusing the rays on the tube with a lens. The fluorescence gradually in- 
creases on standing. In normal urine only a faint tinge can be detected. In pathologic 
urine there may be a deep-green color. A rough quantitative test may be done by deter- 
mining the highest dilution at which the greenish fluorescence can just be seen (for 
most workers, the end point is harder to determine than with urobilinogen). The method 
of Elman and McMaster may be used (p. 855). The solutions give a characteristic absorp- 
tion band in the blue-green (sec p. 813). If absence of urobilin is to be demonstrated, a 
considerable volume of urine must be extracted with chloroform, and the alcoholic zinc 
chloride solution added to the extract. 

Indican. (I) To 10 ml. urine add 2 ml. liquor lead acetate (U.S.P) and filter. (2; To 6 
ml. qf filtrate add an equal volume of Obermeyer’s reagent (0.1 Gm, FeCL in 50 ml. of 
HC1). (3) After five minutes add 2 ml. chloroform and mix. If indican is present, the 
chloroform absorbs a blue color from the urine. Its presence is attributed to intestinal 
stasis Its demonstration has little practical significance. 

Hemoglobin: Orthotolidine Test (1) Centrifuge 15 ml. urine for five minutes at 
1500 revolutions per minute. (2) Decant the supernatant fluid (3) To the sediment add 
2 drops of orthotolidine solution and 2 or 3 drops of acid peroxide solution. 

A positive reaction is indicated by the appearance of a greenish-blue to a deep-blue 
color lasting one to two minutes. A positive reaction is given by a sediment containing 
100 red cells per cu. mm This test, however, is not specific for hemoglobin. 

Solutions: (1) A 1 per cent solution of orthotolidine in methyl alcohol. This keeps a 
year. 

(2) Glacial acetic acid, 1 part; hydrogen peroxide, 2 parts. This keeps several months. 

Benzidine Test The benzidine test as outlined under Examination of Feces may be 
used. 

Spectroscopic Examination. If the filtered urine is reddish tinged, it may be examined 
spectroscopically, for hemoglobin (sec p. 813). If positive this test is specific, but it is not 
delicate. 

Diazo Reaction. To a little urine add an equal volume of Ehrlich’s diazo reagent (see 
p. 872) Shake vigorously and add 2 ml ammonia. A positn e reaction is indicated by a 
bright-red color (not yellow or orange) in the urine and particularly in the foam The 
presence in the urine of certain aromatic substances, which are responsible for the posi- 
tive reaction, in some severe acute infections, chiefly typhoid fever, measles, and acute 
tuberculosis, is a distinctly unfavorable sign. . , , , 

Demonstration of Mercury in Urine (Perlstein and Abelin). To 500 ml tinne ad a 
ml. of egg albumin which has been brought into soluuon by trituration with a lit e o 
the urine. Bod and collect the precipitate on a filter. Dry the precipitate between s ec s 
of filter paper and rub up in 10 ml. of concentrated hydrochloric acid. Into the act P 
a small piece of clean copper foil or wire (2 inches of wire coiled up) and let a 
night. Remove the wire, using forceps, wash in water alcohol, and ether, .aw <y- ^ 

a small, clean, dry test tube or sealed glass tube and heat gently until tta PP 
grayish color. Remove the copper, introduce a small crystal of iodine, and * 

U mercury is present a red precip.ta.c of mercuric iodide ta- , £ ”^'5' 

The reaction is more easily seen if a small plug of dentists gold >“ f “ J amalgam 
tube near the copper before heating. If mercury is present, a small silvery P° 
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-ed in the presence of iodine vapor. 


, _ . irge test tube add 5 ml. dilute hydro- 
chloric or sulfuric acid, a few drops of iodine solution, and a few small pieces of zinc, 
all arsentc-free. Immediately put gv er the mouth of the tube a piece of filter paper 
moistened with saturated silver nitrate solution. If arsenic is present, within 10 to 15 
minutes the paper will show a lemon-yellow color (silver arsenide). This will turn black 
if moistened with a drop of water, or more gradually as it dries in the air. Interfering 
substances are rare, 

Lead (Klopstock and Kowarskj). Concentrate a 24-hour specimen of urine on a 
water bath to one-fifth its volume, add an equal volume of concentrated hydrochloric 
add, heat to boiling, and add potassium chlorate, a lnde at a time, until the fluid becomes 
colorless. Bod off the excess chlorine and add sodium carbonate until nearly neutralized. 
Filler and pass hydrogen sulfide through the filtrate. If a blackish precipitate forms, 
collect it on a small filter paper and wash Transfer the paper and precipitate to a small 
beaker, dissolve precipitate in a little hot dilute nitric acid, dilute with water, and filter. 
Cvaporate to dryness and rcdissolve in a little water. Test portions for lead as follows: 
(I) Dilute sulfuric acid produces a white precipitate; (2) potassium chromate, a yellowish; 
(3) potassium iodide, a yellowish; and (4) hydrogen sulfide, a black precipitate Lead 
may be determined quantitatively by Fairhall’s method (] Biol. Chem , 60). 


Special Quantitative Tests 

Total Solids. Total solids may be estimated roughly in Cm per liter by multiplying the 
last two digits of the specific gravity figure by 26 (1 6 in small children), and the 
product by the 24-hour urine volume in ml divided by 1000 

Determination of Nitrogenous Constituents. In all cases a mixed 24-hour collection of 
urine should be used. If albumin is present in the urine it should be removed (see p. 
828). The disulled water must be ammonia free. The reagents are the same as those 
described in Chapter 36 for use in blood examinations. In all cases in which there is a 
marked discrepancy between the color of the solutions to be compared the test must be 
repeated, using larger or smaller amounts of urine, and the final calculations cor- 
respondingly adjusted 

Total Nitrogen (1) Remove albumin from unne if present (sec p 828) (2) Dilute 
unne f 50, if the specific gravity is under 1.015, 1 : 100, if 1 016 to 1.030; and 1 200 if 
over 1 030 (3) Pipct exactly 1 ml. diluted urine into a dry Pyrex ignition tube graduated 
at 20 ml 

Proceed with the digestion exactly as outlined for determination of nonprotem nitro- 
gen in the blood, steps 2 to 16 (me ) (see p 767). 

Calculation, if the more dilute standard is used, containing 0 06 mg nitrogen, wiih 
the photoelectric colorimeter 


Reading of unknown w „ . .. Volume of 24-hour urine in ml. 

— — ; ; — r X 0 iX> X dilution X - 

Heading of standard 1000 


= Cm. N in 
24 hours 


If the stronger standard was used in the comparison, substitute 012 for 006 in the 
equation. With a visual colorimeter, the calculation is the same except that the first frac- 
tion is inverted. 

The normal is 10 to 10 Cm. 

L’*u am* Ammoma Nmociv. (1) Pipct 5 ml. unne into a 50-mi, volumetric flask, 
dilute to the mark and mix (2) I'ipct 2 ml. diluted unne into a 125-ml. ErJenmcycr 
tiok, add (3) 15 ml distilled water, (4) 0.3 mL urease soluuon, and (5) 0 5 ml. pyrophos- 
phate bulfer. (5) Mix, cover with a beaker, and incubate at 37* C for 30 minutes Add 
(6) 1 ml of h X sulfuric acid and (7) l ml. of 10 per cent sodium tungstate, (8) Shake 
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and filter. (9) Put 2 ml of filtrate into a nonprotem nitrogen tube (5 ml. if the unne 
was very dilute). (10) Into a similar tube put 2 ml working standard nitrogen solution 
and into a third tube, 4 ml. of this standard solution. To each of those three tubes add- 
ill) about 10 ml distilled water, (12) 0 5 ml. digestion mixture. (13) 1 ml. persulfate 
soluuctn, and (14) 1 ml. gluconate solution. (15) Bring volume to the 20-mi. mark. (16) 
Xo each add 5 ml. Nessler’s solution. (17) Alter 10 minutes read in colorimeter. 

Calculation* The final dilution of the urine is 1 : 100 If 2 ml. of filtrate was used in 
step 9, and the weaker working standard was used in the comparison, with Lhc photo- 
electric colorimeter, r 


Gm. urea and ammonia N per day 


Reading of unknown 


Reading of standard 
Volume in ml of 24-hour urine 


r X 0 06 X - 


If a visual colorimeter is used, invert the first fraction, to read : °J $ tan da r d an d 

Reading of unknown 

complete the calculation according to the equation above 
The normal is usually 10 to 15 Gm To express in terms of urea, multiply the figure 
for urea nitrogen by 2.14. 

For the purpose of determining urea clearance, it has been found that more consistent 
results are obtained if both urea nitrogen and preformed ammonia nitrogen arc deter- 
mined together, as in the above procedure 

Urea Nitrogen. To determine urea nitrogen alone. (1) Pipet 5 ml urine into a 50- 
ml. volumetric flask, dilute to the mark and mix (2) Pour about 25 ml. of this diluted 
urine into an Erlenmeycr flask, and add 4 Gns. of dry dust-free permitit, and shake gently 
for five minutes. (3) Set aside for a few minutes until clear, or centrifuge a little of this 
if necessary. (4) Pipet 2 ml of clear diluted urine so treated into a 125-mf. Erlenmeycr 
flask, and proceed as above, from steps (3) to (17) (inc ). The calculation is the same 
Reagents are identical with those used for determination of nonprotein nitrogen and 
urea nitrogen in blood (see pp 768 and 769) 

Ammonia. (Folin-Bell). (|) In a 200-ml volumetric flask put 2 Gm. dust-free permit- 
tif, washing down with 5 ml. water, and (2) 2 ml. undiluted urine, washing down with 
a little water (3) Shake gently, but continuously, for five minutes, and rinse to bottom 
of flask with 25 ml. water (4) Let stand till clear, decant, and discard fluid- (5) Wish 
permutit with abundant water, and decant three times, discarding washings. (6) Add a 
little water. (7) In a similar flask put 5 ml of stock standard nitrogen solution which 
has been diluted 1 : 10 (containing 05 mg. of N). (8) To both flasks add 5 ml- of 1^ per 
cent sodium hydroxide, and quickly dilute to about 150 ml. (9) Add 10 ml. Ness er s 
soluuon to both flasks. (10) Dilute to mark and mix. (11) Let stand 10 minutes, and 
compare in colorimeter. Calculation, since the standard contained 0 5 mg. N. 

Standard/Unknown X 0 5 mg. = mg ammonia N in 2 ml. urine used; and mg- 
ammonia N per I ml. urine = Vi of this figure- 

Vol in ml. of 24-hour specimen _ ammon ia 

Standard/Unknown X 0.5 mg X Vi X 1000 

N in 24-hour specimen. The normal figure is 05 to 1.2 Gm per 24 hours. 

Uric Acid (1) Dilute 1 ml. urine to 100 ml in a volumetric flask. 2 

urine in a tube graduated at 25 ml. (3) In a second tube put 3 add 

ml. water (4) In a third tube put 5 ml. standard one Red sol,. non To each mb 
10 mi. urea cyanide solution, and (6) 4 mi. uric acid reagent, cepmg 
(7) After 1 5 to 25 minutes dilute to volume, mix, and read in £ photwleemt 

Calculation, If tube 1 (the darker) was used m the comparison, w„h the photoc 

colorimeter. 
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Gm. uric acid per day = 

With visual colorimeter 
Reagents are identical with those used in Wood analyses (p 772) 

significance Ordinarily estimations of uric acid in the unne are of no practical value 
in diagnosis. The quantity varies greatly (0 5 to 2 0 Gm per day) with the punn content 
of the diet. An increase occurs in any condition in which tissue rich in nuclei is dis- 
integrating (leukemia, acute liver degeneration, pneumonia in resolution) In acute gout 
the excretion tends to be diminished before an attack and to increase after it 
If a tophus can be found the sodium biuratc crystals should be examined micro- 
scopically and identified by the murexide test 
mirexide test Put a few crystals in an evaporating dish and add 3 drops of con- 
centrated nitric acid Evaporate to dryness by heating gently Cool. To the reddish or yel- 
lowish residue add a drop of dilute ammonia. A positive reaction is indicated by. 1 a 
purplish red color which fades on warming. The crystals cannot be identified by their 
morphology alone. 

Creatinine Creatinine excretion is practically constant in amount for 24-hour periods in 
the same individual under the same conditions. It, therefore, affords a simple method for 
determining whether the entire 24-hour specimen has been secured Folin’s method (I) 
In a 100-ml volumetric flask put 1 ml of stock, standard solution (containing 1 mg 
creatinine). (2) In a similar flask put 1 ml urine (3) To both add 20 ml. of a saturated 
solution of picric acid and 1 5 ml of 10 per cent sodium hydroxide (4) After 10 minutes 
dilute to the mark with water, mix, and read in the colorimeter. 

Calculation (visual colorimeter). 


Reading of unknown X .02 X 100 Vol. 24-hour urine in ml. 
Reading of standard X 5 ^ 1000 

Reading of standard X -02 X 100 Vol 24-hour urine 
”” Reading of unknow n X 5 1000 


Standard , , , Standard Vol 

7 r~, — — X l — mg creatinine per ml urine, and rp-r— -X 

unknown b Unknown 

— Gm. of creatinine in the 24-hour specimen 


ml of 24-hour urine 

iooo 


Normal is 1 to 1 5 Gm 

Nitrogen Partition This is determined by calculating the percentage of the total 
nitrogen in the urine made up by the nitrogen of the urea, ammonia, uric acid, creatinine, 
and the undetermined residue The sum of the urea and ammonia nitrogen depends 
largely upon the amount of protein in the food In cases on an average diet, this 
figure is about 10 (to 15) Gm , or S7 (to 90) per cent of the total nitrogen. On a diet 
minimal in protein it may fall to 0 5 Cm., or 32 per cent of the total nitrogen (Smith, 
1926 ) The absolute quantity of the other constituents is little affected, and their per- 
centage figures rise It u obvious that such determinations are worthless unless the 
protein content of the diet is precisely controlled, and even ihcn no changes of clinical 
significance have been demonstrated except in acidosis Here there may be a marked 
rue m ammonia at the expense of the urea (Normal urea N/ammonia N ratio it about 
20/1, falling on a very low protein diet to a minimum of 2/3) 

Chlorides ( Volhard-Harvey Method): Sou twins (A) standard silvir nitrate sou.- 
tu>n Dissolve 29 Of, Gm silver nitrate in 100 ml. water in a 1 liter volumetric flask Add 
250 ml concentrated nitric acid and 250 ml saturated aqueous solution of iron am- 
monium sulfate, dilute to the mark and nux One mk is equivalent to 001 Gm sodium 
chloride 

(U) 1TANUSRII amviomi xi tiir»cYANATt soLCTios Duw.Ue about 6 5 Gm „f Jm 
nmnium sulfocyanate in juvt SJO ml water Titrate this against solution (A). anJ add 
the amount of water calculated tn be required to dilute it so that 2 ml is just equivalent 
to 1 n.l. of the viber nitraie standard volution 
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Procedure, (1) In a 250*0. flask put 5 ml. unne, 100 ml. water and 10 ml. stiver nitrate 
solution (A). (2) If the fluid is pinkish, add drop by drop a strong solution of potassium 
permanganate until the color is dispelled. Let stand 10 minutes or longer. (3) Add 2 ml. 
nitrobenzene (or chloroform). (4) Add from a buret standard ammonium sulfocyanate 
solution (B) until the appearance of the first salmon-red tint that persists for several 
seconds. (If the first drop does so, add an additional 10 ml. of the silver nitrate soluuon 
and proceed.) The red color at the end point lasts a jew seconds only. 

Calculation: 

A — VjB 

j X 10 = mg. NaC! per ml. or (2A — B) X Output/1000 = Gm. NaCl in 24- 

hour specimen. 


The usual normal is 10 to 15 Gm, but varies very greatly with the chlorides in the 
food. Excretion is diminished or suppressed in most conditions in which blood chloride 
is reduced (pneumonia, pyloric obstruction, etc.). 

Sodium Chloride Tolerance Test. Attempts to utilize the rate of excretion of sodium 
chloride after a test dose of 10 Gm as a measure of renal function have not yielded 
results of dependable value, largely because so many cxtrarenal factors arc involved. A 
normal individual who has been on an average diet will excrete the enure amount 
within 24 hours, but if die previous diet has been low in salt, all or most of the 10 Gm. 
may be retained 

Titrable Aridity (Folin). (1) In a 200-ml. flask put 25 ml urine (carefully preserved). 
(2) Add 15 Gm. neutral potassium oxalate and 2 drops of 1 per cent phenolphthalcin; 
shake well for two minutes. (3) Titrate to a pink color with N/10 sodium hydroxide 

Calculation- 


Total acidity of 24-hour urine = Vol. of 24-hour urine X 


Titration figure 

25 


In normal individuals it varies greatly with the diet, is usually 200 to 500 (Hawk and 
Bcrgeim). It is increased in acidosis (see p. S06). 

True Aridity. True acidity is dependent on the hydrogen-ion concentration, and may 
be determined by the method of Barnett-Chapman (p. 926). The urine should be diluted 
l : 5 with carbon dioxide-free distilled water, and preserved under oil until tested. The 
usual normal range is from pH 5 5 to 8 0. A rough estimate can be made with nitrazinc 
test paper. 

Diastase (Winslow's Method). (I) In a series of 10 small test tubes place 1 ml. of 1 
per cent sodium chloride. (2) Add 1 ml. urine to the second tube, mix and transfer 1 ml 
of the mixture to the third tube Continue down the series of tubes, discarding the extra 
ml in the last tube. (3) To each tube add 2 ml. of 0.1 per cent soluble-starch solution, 
and (4) put in water bath at 37° C for 30 minutes. (5) Add 2 to 3 drops of N/20 iodine 
soluuon (or 1 drop of Gram’s iodine soluUon). Determine the tube containing Jhe 
smallest amount of urine which shows no blue color. The number of units of diastase — 

- 7 - volume of urine (in ml ) in this tube. The normal figure is 8 to 32. Excretion is i- 
mmishcd m nephritis, and much increased (to 100 to 200) in most cases o acute pancrea 
Utis. 


Tests of Renal Function 

The secretion of urine is a complicated process in which both the 
ind the convoluted tubules play essential and independent roles e pro u 
>£ the glomerular filtrate appears to be a purely mechanical process o u ra 
ion, the glomerular membrane merely holding baek the plasma P -o,e,ns and 
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other colloids of high molecular weight. The filtrate is practically identical in 
composition with deprotcinated blood plasma. The process of filtration is 
favored by an adequate rate of blood flow through the kidneys and by an adequate 
blood pressure in the glomerular afferent arterioles and caprllaries (normally 
about 75 mm. Hg systolic), ft is retarded by the pressure of fluid within Bow- 
man’s capsule (about 5 mm. Hg) and by the colloid osmotic pressure of the 
plasma proteins in the capillaries (about 30 mm. Hg). It has been estimated that 
the average normal rate of blood flow through both kidneys is about I30Q ml. 
per minute and that from 20 to 25 per cent of the plasma passes into the filtrate 
(125 ml. per minute). The rate will be reduced (1) by a fall in blood pressure, 
(2) by obstruction to blood flow through the kidney (destruction of glomeruli, 
obliteration of glomerular capillaries), and (3) by increased pressure in Bow- 
man's capsule resulting from a general increase in intraretul pressure (as in 
chronic passive congestion, inflammatory exudate and edema in the interstitial 
tissue, marked swelling of the tubular epithelium, or dilatation of the tubules 
from obstructions). The filtration rate can be estimated by determining the 
clearance of some substance (preferably inulin) which passes freely into the 
filtrate but is not taken up or metabolized by the tissues and is neither reab- 
sorbed or excreted by the tubules. 

The functions of the tubules are more diverse. These include: (1) Reabsorption 
of most of the water of the glomerular filtrate, normally about 99 per cent. Failure 
to reabsorb fluid normally tends to raise intracapsular pressure and dimmish 
glomerular filtration (2) Reabsorption in varying degree of many of the soluble 
constituents of the filtrate. Glucose normally is completely reabsorbed; and the 
maximum amount which can be reabsorbed (total passing into the glomerular 
filtrate less that excreted in the urine, normally 325 mg. per minute) is a measure 
of the tubular absorptive mats (glucose Tm) of the kidney. The electrolytes, like 
sodium, potassium, magnesium, calcium, and chlorine, arc sclcctiicly reabsorbed, 
partly by simple diffusion and partly by a selective secretory activity of the cells, 
Since the concentration in voided urine is usually less than in plasma. This serves 
a vital function in helping to maintain normal osmotic pressure and pH in the 
body fluids. Other substances like urea are reabsorbed to a less extent, probably 
by simple diffusion as the filtrate becomes concentrated, although -(0 to 50 per 
cent of the urea passes back into the blood. On the other hand, creatioirt normally 
is not reabsorbed at all. (3) Active excretion of certain substances, notably un- 
natural ingredients of the plasma like phcnolsulfonphthalein and diodrast, 
Crcatimn is also excreted, but it is very doubtful whether this is true of urea 
and most of the usual constituents. The maximum amount of diodrast which can 
be excreted per minute is a measure of the tubular excretory mast (diodrast Tm). 
(4) Synthesis and excretion of hippuric acid, and liberation of ammonia (from 
urea) which serves to neutralize acid bodies and conserve base. 

Important a* these separate functions are scientifically, the procedures for 
determining them have not been sufficiently simplified to be practicable for 
routine clinical use. 



examinations op body fluids and organs 

In most cases of renal disease boll, glomeruli and tubules arc more or less 
involved although in individual cases ei.her may be primatily and predominant!, 
damaged. The procedures which are generally used clinically as tests of renal 
function do not ‘differentiate clearly between glomerular and tubular injury, al- 
though they give a fair estimate of renal function as a whole. They arc designed 
to show: (1) inability to concentrate or dilute the urine in the normal manner; 
(2) reduced capacity to excrete urea and other waste products; (3) the resulting 
accumulation of these substances in the blood; and (4) the ability to excrete 
dyes and other test substances. Many clinical tests have been devised, of which 
only a few of major importance can be considered. 

Disturbance of the concentrating power of the kidney is a most important 
manifestation of impaired function. It is the first to appear, it gives a good 
quantitative estimate of the degree of impairment, and can be demonstrated very 
simply, requiring no equipment except an accurately standardized urinomctcr. 
Patients must be under standard conditions when observations arc made. 


Dilution Test. This measures the capacity of the kidney to cxcrcfe water. The day pre- 
ceding the test the patient should take a normal diet without restriction of fluid, and he 
should drink at least a liter of liquid during the afternoon and evening. In the morning 
he empties the bladder and then drinks 12 00 ml. of water (within 10 or 15 minutes). He 
may then eat breakfast, but takes no more fluid until the test is completed. Each voiding 
is collected separately for four hours, at least one every half hour if possible. The volume 
and specific gravity of each is measured The temperature of the specimens must be 
brought to that point at which the unnometcr is calibrated, or a correction made. The 
correction factor is .001 for each 3* C by which the temperature of the specimen deviates 
from the calibration temperature, to be added to the specific-gravity figure in the case of 
warm specimens and to be subtracted for cold ones. 

A normal individual will excrete at least 600 ml (often 1000 to 1200 ml) during the 
four-hour period, and at least one of the specimens will show a specific gravity of J 003 
or less A smaller total volume of higher specific gravity is excreted in acute nephritis, 
particularly in “nephrotic” cases, in chronic pjssive congestion of myocardial insufficiency, 
and in some cases of advanced chronic nephritis. In pronounced cases the total volume 
may be only 100 to 200 ml., and there is a tendency to fixation of the specific gravity at 
about 1 018 to l 020 The test should not be given to a patient with marked edema or 


with cardiac failure 

Concentration Test. The performance of this test is unnecessary if the specific gravity 
of the morning specimen is over 1 025. As a rule this can be carried out on the same day 
that the dilution test is performed, just after completion of the latter The patient cats fits 
usual meals but takes no liquids until completion of the test Each voiding, co ectc 
every two hours if possible, up to 10 PM., is saved separately, and also the total mgm 
urine, preferably in two fractions In a normal individual the specific gravity vvi rca 
1 030 m at least one specimen, and as soon as it does, the test is completed. t 
not, additional specimens should be collected at 10 A.M and 12 Noon t c 
before fluids arc resumed. A figure lower than 1.030 indicates impairment o fic 

tion With this there is a tendency to nocturnal polyuria and to ° , f 

gravity which in advanced cases may be at I 010, which is about d»t<* and is 

Fishberg’s Concentration Test. This gives substantially the sam d)ng the 

quite simple. (I) The patient takes only 200 ml of is 

test, and takes no fluid until the test is completed. (2) Urine passed _du S ^ 

discarded. (3) On awakening the bladder is emptied and the sped 
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patient remains in bed for an hour, until another specimen can be obtained. (5) He then 
gets up, but takes no food or fluid until a third specimen is ob tamed. (6) The specific 
gravity of each specimen is determined. Normally at least one specimen will show a 
specific gravity abov c 1.022, and usually about I 030 
A normal individual on an average unrestricted fluid intake excretes about 1200 to 1400 
ml. of urine per day. If no fluids are taken in the evening and if the period for the col- 
lection of the night specimen is begun three hours after supper, the volume of the night 
urine does not usually exceed 400 ml , the specific gravity is at least 1 016, and the ratio 
of the volume of the day urine to night urme is at least two to one, and is usually three 
to one. An increase in the volume of the night urine with a lowering of the specific gravity 
and a reduction of this ratio (nocturnal polyuria) is an early and important sign ol renal 
insufficiency 

These tests are more sensitive than the others which arc described below in detecting 
slight degrees of renal insufficiency, particularly in essential hypertension and the early 
stage of artcnolosclerosis They can be carried out on ambulant patients anywhere Their 
dependability, however, depends upon the complete cooperation of the patient, par- 
ticularly as to abstaining from fluids They are not applicable to patients with urinary ob- 
strucuon with residual urme, to diabetics excreting large quantities of sugar, or to patients 
with diabetes insipidus 

Phenolsuiphonphthalein Test ( Rowmrce and Geraghty). The dye is conveniently pur- 
chased already sterilized in ampules each containing slightly more than 1 nil of a solu- 
tion of us monosodium salt, of a strength of 6 mg per ml. (1) Administer 400 to 600 ml. 
water. (2) After 20 minutes have the patient empty the bladder and save the urine for 
’■backing." (3) Inject exactly 1 ml (6 mg) of the solution, preferably intravenously (4) 
At intervals of 15 minutes, 30 minutes, and one hour instruct the patient to empty the 
bladder completely and save the specimens separately. If the urine volume is small, more 
water should be given Catheterization is necessary if the patient cannot empty the blad- 
der completely 

The excretion of 25 per cent or more of the dye in the 15 minute specimen indicates a 
normal output, and for routine jmrposcs further specimens can be dispensed with 
For routine examination of ambulant patients intramuscular injection usually suffices. 
A period of 10 minutes is allowed for absorption Specimens arc collected after 40 minutes, 
70 minutes, and 130 minutes 

(5) Prepare standard tubes Make a 100 per cent standard by diluting exactly 1 ml of 
dje solution to 1 liter to which 5 ml of 10 per cent sodium hydroxide have been added. 
Select 15 test tubes (150 X 16 mm ) of identical diameter (check by adding just 10 ml. 
water to a senes of tubes and select those in which the water rises to exactly the same 
height. Dry them and reserve for this purpose only) Put 10 such tubes in a rack and to 
each add increasing quantities of the 100 per cent dye standard from 1 5 ml in the first 
to 60 ml in the tenth, each tube receiving 0 5 ml more than the preceding tube Hring 
the volume of each to 10 ml. with alkahnizcd water Stopper tightly and label (from 15 
to 60 per cent). If stored in the dark, they will keep for several weeks, hut must be re- 
newed occasional!) a« the color gradually fades 

(6) Rinse each specimen of unne into a 1 liter cylinder, noting the volume Add 5 ini. 
of 10 j>cr cent sodium hydroxide and dilute with tap water to a round volume (such as 
125, 200, or 500 ml ) so that the color approximates that of the standard tubes in the 
middle of the senes. Mix, filter if not clear, and pour some into one of the matched lest 
tubes. Into another tube put some of the unne obtained before the injection, diluted to 
•he same extent as the ‘j'ccimcn to be examined Put this tube behind the standard tube 
for hacking, and a tube of water behind the tube containing urine Read the percentage 
figure on the standard tube which matches, intcrjiolating if ncccsury Multiply the figure 
by the volume to which the urine was diluted and divide by I Out) 

I he volume of the specimen docs not enter into the calculation and within uiJe 
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!". ,hc ralc . of ««>■»" « independent „! the ,olumc. If tl, c i 0 | umc is OTa |, lhc 

V‘V'T IOn ; ***« CSSC '“! al ’ as Ulc l),l “ lcd u ™ c « nil"!-* more OT few J coht 
. nj if neglected the reading will be too low. Difference! in the me of absorption the 
completeness with wlucll the bladder is emptied, and other uncontrollable fa«oii into- 
dure unavoidable *«««, „/ „ * y ,o ,0 pe, cent, and attempts ,o seerne S 

tc»t h ' ,CaJ, ' 1S ’ P" ,0!, ‘ :st - A bisarre icsult necess, tales a repetition of the 

Tiic normal figures, after intrasenous injection, arc: Appearance time: four to six 
minutes 

After Y\ hone: 

After h hour: 

After l hour: 

After 2 hour*: Minimum 55%; maximum 85%; average 70%. 


A total output in two hours of 55 per cent or over may be regarded as within 
normal limits. A delajed excretion, with an increased proportion of the dye in the 
second-hour specimen, is abnormal even though the total output is nortnal Un- 
usually high figures with diuresis have been noted in hyperthyroidism, and in mild 
renal disease, and have been attributed by some to renal irritation. 

The great advantages of the test are its simplicity and formlessness. Among 
the disadvantages is the fact that the dye i* a foreign substance vvhich is excreted 
by the tubules and the capacity of the kidney to excrete it need not parallel pre- 
cisely its capacity to excrete urea, although within limits it docs roughly do so. 
It is not a sensitive indicator of lesser degrees of impaired function, fn nephritis 
there is no notable reduction in excretion until 50 per cent of the renal function 
is lost, as determined by the urea clearance test. As function is further damaged, 
there is a progressive fall in excretion, reaching zero in the most advanced eases. 
Van Slyke ct al. point out that with improvement in acute nephritis, a rise in dje 
excretion antedates an improvement in the urea clearance, and furnishes an 
early basis for a (relatively) favorable prognosis. The excretion may be reduced 
in other conditions which lower kidney function, such as chronic passive con- 
gestion and prostatic obstruction. 


Urea Clearance Test (Moller, McIntosh and Van Sl>kc): Pxocm’xt. (1) The paUCnt 
eats his usual breakfast at S AM without tea or coffee, but water as dtswed. (Z) At V 
A M instruct him to empty his bladder completely and to dnewd vhe untie. Give 
water. (5) At 10 AM have the patient empty his bladder complete^ saung lhc spe - 
men, and give 100 ml water. (4) At once secure blood for urea estimation. W At 
A.M. again have the patient empty his bladder completely and save the specunc • 
tervals need not be exactly one hour provided thesr lesvgih is precise y no\ n. 
tient should rest quietly during the test, and avoid much cxetuon e o 
Measure the volume of each specimen and calculate the outpur per orCa c0/) . 

ter mine concentration of urea plus ammonia in each spceime . ( ) 

centra tion in Wood- . , , , mmutc calculate 

Calculation. If the volume of urine excreted k more than 2 p 
the maximal clearance (C w ) by the following formula. 
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U =s urea concentration in urine. 

B =: urea concentration in blood. 

V = volume of urine excreted per minute. 

C ~ U X V/B. The average normal figure 
nial = 1.33 X U X V/B. 


is 75, and the percentage of the nor- 


1 { the rate of excretion is less than 2 ml. per minute, the standard clearance (C 4 ) is cal- 
culated according to the formula C # = U X >/V/B The average normal (with a_ urine 

„ 1 85 X U X V v 

volume of 1 ml. per mmute) is 54, and the prfeentage of normal — g . 

The chief source of gross error is incomplete emptying of the bladder By making 
separate estimations 09 the two specimens a partial check on this is obtained, and if the 
results correspond fairly welt, the average may be taken. 

For individuals who deviate materially from the average in size the formulas must be 

V X 173 .. . 

corrected by subsutuung for V in each case the value of Su " f f ace are a " m 5 q m ~ W rom 1 ,c 
standard DuBois height-weight tables for surface area Table, p. 878). 


Table 79 


Value or so* Varying Value* of V (ml fir Minute) 


V, ml. 

s/v 

V, ml. 

Vr 

V, ml. 

Vv 


0.45 

09 

0 95 

1 6 

127 


0.55 

1 0 

1.0 

17 

1.30 


0 63 

1 l 

105 

1 8 

134 


Q 71 

12 

1.10 

1 9 

1 38 


0.78 

1J 

1.14 

20 

1.42 


0 84 

1 4 

1 18 

21 

145 

IHw 

0 89 

1.5 

123 

22 

148 


Explanation. By urea clearance is meant the volume of blood which is entirely 
cleared of urea in one minute, or more precisely, the volume which would be so 
cleared if all the urea excreted in one minute were abstracted solely from one 
portion of blood. If the rate of urine secretion and other conditions arc constant, 
the amount of urea excreted per minute varies directly with the concentration of 
urea in the blood. However, other factors than the height of the blood urea do 
infiucncc urea excretion, the most important being the rate of urine excretion 
(volume in ml. per minute). If the rate of urine excretion is slow, the total urea ex- 
creted per mmute is relatively small (even though its conccntratiop in the 
us me is normal). As the volume of urine per minute rises. Cor a time the rate of 
urea excretion also rives (although not directly in proportion to the volume, but 
approximately in proportion to the square root of the volume). However, 
eventually a rate of urine excretion is reached, “the augmentation limit,” about 2 
ml. per minute, at which the maximum possible rate of urea excretion is ob- 
tained. 1'urther increases in diuresis have no effect on urea output. This fact 
explains the necessity for the two formulas. The maximum clearance (75 ml. for 
normals) is constant, as long as the volume per minute exceeds 2 ml. The standard 
clearance is a variable, vaucs with the volume per minute, and the figure 54 ap 
plies (for normals) only to an excretion rate of 1 ml. per minute. 
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There arc other factors, usually of less significance, such as the rate of blood 
(low through the kidney, which also affect urea excretion, and there are individual 
^nations in normal persons which may cause variations in the clearance of at 
least 20 per cent above or below ihe average figures. Reductions of less ihan 25 
per cent arc not necessarily pathologic. 

Clinical Signiitcancl of Urla Clearance Test. Within the limitations men- 
tioned the test gives a valuable estimate of renal function. No claims are made 
for exact mathematical precision, and slight fluctuations are meaningless. It is 
questionable whether it will detect minor degrees of impairment as early as 
concentration tests. It does detect them much earlier than the phenolsulfonphtha- 
Icin test. It is not reduced in the earlier stages of essential hypertension and arterio- 
lar renal disease, and the fall in clearance as the disease progresses may be very 
gradual. Significant nitrogen retention does not appear until the clearance is below 
40 per cent, and is not marked until it is below 20 per cent. Uremic symptoms 
appear as the clearance falls from 10 to 5 per cent. The clearance figure rises as a 
patient recovers from an acute attack. The urea clearance figures are regarded by 
many as giving the most precise and dependable measure of renal function in 
nephritis, obtainable with any single method. 


Ratio of Urea Concentration in Urine to That in Blood. This may be substituted 
for calcuIaUon of the urea clearance in patients from whom it is impossible to secure 
complete emptying of (he bladder, provided the fluid intake is so adjusted as to give a 
rate of urine excretion of about I ml per minute In this case the value of V becomes 
unity, and the simplified formula C = U/B applies Even moderate variations from 3 
ml alter the value of (normal 5-1) but slightly The results are more variable (when 
repeated in the same individual), and therefore less satisfactory as a rouune procedure, 
than the urea clearance figures, but usually adequate, especially if several observations are 
made The test is equally sensitive in detecting slight impairment of function. It is not 
valid with larger urine volumes 

Urea Conccntrauon Test. This has been suggested as a simple procedure which avoids 
determining the urea tn the blood. The patient is allowed no fluid after 10 P.M, Jn the 
morning the bladder is emptied, the urine being discarded, and he is gi'cn 15 Cm. of 
urea dissolved in 100 ml water (flavored to disguise the nauseating taste). The tota 
urine is collected for three one-hour periods, and measured. If the volume of the first 
specimen exceeds 120 ml and that of the later ones, 100 ml , the test is useless. Otherwise 
the concentration of urea is determined in each Normally it should be between 2.5 an 
3 per cent m at least one specimen. A concentration below 2 per cent definitely indicates 
renal insufficiency The converse is not true, a normal concentration figure can be reac c 
with damaged kidneys if the blood urea is high enough. It is regarded as a comparative y 
gross test, although U usually shows renal injury well before nitrogen retention occurs- 


Significance of Tests of Renal Function. The urea nitrogen and torn! non- 
protein nitrogen are increased in* the more advanced stages of renal insu ciency, 
m extreme cases to ten times the normal value. They are of no ' uc m eit Y 
diagnosis (see p 770). A significant rise m creatinine is scarcdy ever sccn 
in advanced stages of renal insufficiency, and a figure over 5 mg. / a , * * ' 

over 100 , or a urea (mrogen over 80, usually indicates impending u ' 
ever, in acute nephritis and in mercuric chloride poisoning the ul 
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is not necessarily unfavorable e\en when the N.P.N. and creatinine are very high. 

In judging the functional capacity of the kidney, it is always advisable to use 
more than one of these procedures. The results must be interpreted in connection 
with the whole clinical picture. 

These tests show merely the function of the kidney at the moment, but they 
do not, by themselves, accurately portray the anatomic condition of the kidney 
or furnish a basis for a dependable prognosis. A marked reduction in function 
may occur with circulatory failure or with severe anemia, yet normal function 
may be restored if the latter conditions can be remedied. An extreme reduction 
in function may be met with in acute nephritis, with subsequent complete re- 
covery. On the other hand, a practically normal function may be found in the early 
stages of a chronic nephritis which progresses to a fatal termination within a year 
The tests are relatively little affected by even extensive focal lesions of the kidney. 
Many patients with urethral obstruction with marked impairment speedily recover 
almost normal function under treatment, if there is no complicating diffuse 
nephritis Successive tests which show a definite upward or downward trend arc 
of great prognostic value. In acute nephritis Peters and Van Slyke point out that 
the degree to which the urea clearance is lowered at the onset is relatively unim- 
portant, but the prognosis is very unfavorable if normal figures are not regained 
within four months In chronic nephritis with a urea clearance under 20 per cent, 
a majority of the patients die within a year, and practically all within two years 
Hmvcver, patients with polycystic kidneys may live a long time with a renal 
function reduced nearly to zero. 

Dactcriologic Examination of the Urine 

Collection of Specimens. Although a cathctenzcd specimen of urine is 
preferable for culture, practically it is rarely necessary in men and can often be 
dispensed with in women provided adequate precautions arc observed in col- 
lecting the specimens and provided cultures are made immediately on solid media. 

The bladder should be full at the time of the examination 1 he area about the urethral 
orifice should be thoroughly washed with soap and water, and then with 70 per cent 
alcohol (men) or with sterile salt solution or hone acid The anterior urethra may be 
Hushed with sterile water The first three -quarters of the urine passed is discarded and 
the last portion caught directly in a sterile wide mouth flask nr buttle as it flows in an 
unimpeded stream from ihc orifice without touching the shin. The urine first passed 
sene* adequately to flush out flic urethra The use of antiseptics is not desirable. 

In the absence of infection, plates made in this way are usually sterile or show at most 
one or two contaminating colonics If there is an infection of the urinary tract, the in- 
fecting organism is usually present in such predominant numbers that it is easily dis- 
tinguished from a possible contaminating colony With sonic experience contaminating 
organisms from the air can easily be recognized as such A confirmatory culture should 
l*c nuJe from a caihctcri/cJ specimen if there arc a few colonies present which may he 
pathogenic, or in anv case if cultures arc tube made in fluid media 

before making the culture it u advisable to examine a stoned fdm from the centri- 
fuged sediment, since this tnav give a hint as to the type of organism present and as to 
the quantity ,.f material to be spread «>n the p'jtes Alter centrifuging, the urine i« de- 
canted. and the tube drained by interims it on filler paper for a few minutes A little 
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sediment is removed with a capillary pipet, smeared, fixed by heat, and stained by 
Vjrams method, IE the unne does not contain albumin, to secure fixation of the film a 
trace of egg white or sttnle blood serum is added to the sediment, or a few drops to the 
urine before centrifugation. The presence of phagocyted bacteria in pus cells is of diag- 
nostic significance, 6 

Acid-fast Organisms. For the demonstration of tubercle bacilli, urine may be collected 
over a 24-hour period, put in a cylinder, and enough sodium hydroxide added to produce 
a precipitate. After settling the latter is concentrated by decantation and centrifugation 
and digested and concentrated as described (p. 82) Some prefer to dissolve the 
original precipitate, after centrifuging and decanting the urine, in 12 per cent sulfuric 
acid This is digested for 30 minutes at 37° C , and enough sodium hydroxide added to 
produce a pH of 4 5. Films are made from the precipitate after centrifugation. To aioid 
contamination with smegma bacilli, the same aseptic precautions required for cultures 
are indispensable. Smegma bacilli are not digested by antiformin. Special methods of 
staining to ensure decolonzation of smegma bacilli are described in Chapter 4, but arc 
not entirely dependable. If there is doubt, cultures should be made on suitable media 
and a guinea pig should be inoculated Tubercle bacilli may be quite sparse in such 
smears, and protracted search is often required to find them As they are apt to be in 
clumps, dispersion with chloroform is a valuable aid in their demonstration in films. 
Frequently, they are morphologically less typical than in smears from sputum. 

A pyuria without bacteria easily recognized microscopically or culturally should sug- 
gest tuberculosis 

Cultures. Cultures are best made by pouring a little urine on the surface of one or 
two blood agar plates, and spreading with a bent glass rod If the object of the culture 
is merely to demonstrate staphylococci or colon bacilli, plain agar is equally good. If 
typhoid or paratyphoid is suspected, SS agar or MacConkey’s medium is preferable To 
cultivate Brucella abortus an increased carbon dioxide tension is necessary. 

The amount of urine to be used depends upon the esumated number of organisms 
present A satisfactory procedure in the average case is to put 1 drop on the first plate 
and spread, and 5 drops on the second plate and spread with the same rod, without 
intervening sterilization If organisms are abundanr, the urine should be diluted 10 or 
100 times before plating If a sterile culture is anticipated, 1 ml, should be poured on 
one of the plates To secure a growth of gonococcus the culture should be made im- 
mediately after obtaining the material from the patient. 

The organisms most often met with in infections of the urinary tract are the colon 
bacillus, staphylococcus, streptococcus, gonococcus, proteus, typhoid and paratyphoi 
bacilli, brucella, and the tubercle bacillus In most cases infection is probably denied 
from the blood stream The infection may be ascending from the lower urinary passag« 
to the kidney, particularly in cases starting after instrumentation or associated wi o 
struction to the urinary passages, as by a hypertrophied prostate or urethra stricture 

("surgical kidney”)- , „ 

Pyelitis, often without characteristic symptoms, is a common cause of chronic rccu 
fever, particularly in pregnant women and in girls A persistent cystitis is pracuca y 


ways associated with a pyelitis 

Cystitis from a colon infection gives an acid urine, that caused by proteus, a 


alkaline 


Bacterial infections of the urinary tract are associated with more or j“ s 
oral infeettons, particularly w.th staphylococci. streptococct, Uphold P T, P h 
tec lit, the organisms may appear m the ur.ne in large “ nh JaS 

ing any notable leston in the kidney They may disappear from the unne It P 

recovers from the infection. , in laree numbers, in 

No significance can be attached to the presence of ba ■ f appreciable 

unsterds specimens of urine which have stood in the laboratory tor y w 
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time. Yeasts and wolds frequently contaminate urine, especially diabetic urine, after 
it has been passed. 

Parasites. Trichomonas vagmahs is a common cause of acute vaginitis in women and 
frequently gets into the urine m such cases 

In chylous Urine filarial larvae may be found, most readily m the centrifuged sediment 
The vinegar cel may be found in the urine of women who have used vaginal douches 
of vinegar. 

Enter obtus from the vagina may be found in the urine 

The larval dibothnocephalid, Sparganum mansom, has been reported three times in 
the urine {urethra). 

The eggs of Schistosoma haematobium (with a terminal spine) and rarely those of 
S maitsoni (with a lateral spine) may be found in the urine 
The eggs of Nacracanthorhy fichus ktrudmacens may be recognized in the urinary 
sediment by their pitted appearance 

Various miles have been found in urinary sediment but are accidental contaminations 



CHAPTER 3 9 


Examination of the Feces 


The macroscopic, microscopic, and chemical examination of the feces gives im- 
portant information in many diseases affecting the gastrointestinal tract. In the 
Tropics this is a procedure of major importance because of the great frequency 
and gravity of intestinal parasitism 


The shape. Size, and consistence should be noted. The normal stool is formed but soft 
enough to be plastic. Soft or iluid stools indicate hypcrmotility and usually show in- 
complete digestion of food. Hard stools of large caliber indicate stasis, and usually 
atony of the colon Sinai] scybalous masses and stools of small caliber indicate spasm 
of the colon Pencil or ribbon shaped stools suggest recta! siriciure (cancer, syphilis) 
but may be due to spasm. In cholera and, occasionally, other violent diarrheas the stool 
is typically watery with little or no fecal material, but rather opaque from desquamated 
intestinal epithelium (rice-water stools). In amebic dysentery there are small, frequent, 
mucous or inucosanguincous stools, often grayish brown and homogeneous, whereas in 
bacillary dysentery the mucopurulent stool is streaked or flecked with blood or blood- 
tinged mucus. Tormina and tenesmus accompany both types of dysentery. 

The motility of the gastrointestinal tract may be cheeked most simply by administering 
a capsule containing 10 gr. of charcoal or carmine. Normally this appears within 24 to 36 
hours and is entirely eliminated after 43 to 72 hours. 

The normal brown color of the stool is due to urobilin (hydrobihrubm) and uro- 
bilinogen, denied from the bile pigments Bilirubin is not normally present below the 
ascending colon In the presence of diarrhea, especially in children, the feces may be 
green (bihverdin) or golden yellow (bilirubin). A pale, greasy, putty-like ("acholic ) 
stool is characteristic of catarrhal jaundice and of mechanical obstruction of the common 
duct A similar appearance, however, may be met with in gross disturbances of fat 
digestion (sprue, idiopathic steatorrhea, grave pancreatic disease). The stools arc usually 
bulky, and soft or fluid, and fat may separate out in macroscopic drops or even in large 
masses ("buttery stools”) 

A black, tarry, viscid stool indicates bleeding from die upper gastrointestinal tract, t 
diffuse, red-brown or bright-red color indicates bleeding from the lower bowel. Sire s 
of fresh blood on the surface of 3 formed stool arc usually due to hemorrhoids or recta 
ulcerations (cancer, syphilis, ulcerative colitis). 

The color vanes markedly with the diet, and medication may give bizarre appearances- 
Mucus is frequently present in large, translucent strands or sheets or jel y i c mass 
in eases of "spastic colitis" ("mucous colitis"), as a result of disturbances o in 
tion. This is characterized microscopically by the presence of numerous epithelial 
and often eosinophils, without pus cells- These masses have often been mistaken foi r pc 
worms by inexperienced observers. In bacillary dysentery, dcocohus, and mtussusc : P 
the stools may consist largely of mucus in grayish, opaque masses co 
cells and often blood. , . . . anc j arc 

Frothy stools indicate faulty digestion and fermentation of carb ) 
especially characteristic of sprue 
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Microscopic constituents of feces (a) Muscle fibers, (b) Connective tissue (e) Epithelium 
(d) Eculocjtes (e) Spiral cells (/, g. h. i ) Vanous \rgc table cells. {{) 'Triple phosphate" crystal*. 
(/) Woody vegetable cells The whole is interspersed with innumerable microorganisms ol various 
kinds (Von Jaksch ) 


In selected case* macroscopic examination should be made for gall-stones, or for tape- 
worm segments or other intestinal parasites after a \crmifugc. The entire feces (for sev- 
eral days if necessary) are ground up in water to form a homogeneous thin suspension, 
and this is strained through a */e»e. The residue, suspended in water in a thin layer in 
a flit dish is inspected over a dark background with the naked eye or with a hand 


Gall-ttonej can usually be recognized by their faceted surface and laminated structure. 
Fecal concretions (“enteroliths"), composed of masses of food residue encrusted with 
salts, may be confused with them Chemical tests for cholcstcnn and bile pigments should 
be earned out (I) A portion of the stone is crushed and extracted with a little ether. 
The ether is poured off, one-half volume of alcohol is added and allowed to evaporate 
slowly Cholcsienn if present will separate as flat, rhombic plates A drop of strong 
suUurtc acid causes the appearance of a red color; a drop ol Lugol's solution, a play o[ 
colors To test for bile pigments the residue is extracted with cold dilute potassium 
hydroxide, and Gmclin's test performed (p H35). 

Schmidt's Test Diet. Tins diet should he administered for several days in selected 
cases in which it is desirable to study the completeness of digestion of the various types 
of foodstull Results are unsatisfactory if the diet u uncontrolled. The presence of oil or 
barium sulfate makes a specimen practically useless for microscopic examination. A 
charcoal capsule is administered at the start to indicate when the study of the feces 
should begin. 

Dut breakfast, 7 AM, bowl of oatmeal gruel (40 Cm. oatmeal, 10 Cm. butter, 200 
ml. milk, ?00 ml- water) Also one very soft boded egg (1 minute) and 50 Cm zwie- 
back. In the forenoon, 500 ml of milk. 

For dinner, 2 o'clock, chopped beef broiled very rare (125 Cm. with 20 Cm. butter 
poured over n). Also a potato puree (200 Cm. mashed potato, 50 Cm, milk, 10 Cm. 
butler) Also bier ol mill and 50 Cm. zwieback, 
lot tupjH:r, 7 o’clock, the sjme foods as for breakfast 

This detailed diet may be varied to suit circumstances as regards interchanging meals. 
The diet taken, however, should absolutely conform to the following requirements (l) 
the taking of pound chi-j'ped beef, a portion of which should be half raw, (2) the 
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shouId a , m ° unt t0 (3) about 4 ounces of bread or toast and 

Irom 4 to 8 ounces of potato puree should be eaten daily. 

The detailed diet contains about 110 Gm. protein, 105 Gm. fat, and 200 Gm carbo- 
hydrates and has a fuel value of 2247 calories. 

The stool is best collected in quart fruit jars and examined as soon after evacuation 
as possible. The wooden spatula-hkc tongu; 
depressors arc well adapted to handling the 
specimen. 

The observer must be familiar with the 
feces of normal individuals on this diet be- 
fore attempting to interpret pathologic find- 
ings. 

Macroscopic Examination. A fecal mass U 
to 1 inch in diameter is ground in a mortar; 
water is added gradually until the mixture 
has the consistency of a broth. About 0.5 ml. 
of this emulsion is now squeezed out be- 
tween two slides and studied against a dark 
surface, and also when held up to the light 
The normal stool gives a rather uniform, 
brownish, homogeneous layer. Connectne- 
tissue remnants (indicative of gastric derange- 
ment) show as whitish fibers which swell 
and become translucent if 30 per cent accuc 
acid is added. Undigested muscle-tissue rem- 
nants appear as reddish-brown splotches, fat 
particles as whitish-yellow clumps Potato 
remnants appear like sago grains and mash out easily like mucus. Mucus is best noted in 
the fecal mass before making the emulsion. 

Microscopic Examination: Muscle Fibers Muscle fibers normally appear as homo- 
geneous, yellowish particles. Rectangular ends, distinct cross-striation, and particularly 
intact nuclei indicate inadequate digestion (azotorrhea). 

Starch To a drop of fecal suspension is added a drop of Lugol's solution and search 
is made for blue-stained starch granules. 

Normally none are present except inside vegetable cells. 

Fat A bit of feces is mixed with 50 per cent alcohol, a drop of saturated solution of 
Sudan III in equal parts of 70 per cent alcohol and acetone is added, a coverdip is ap- 
plied. Neutral fat appears as highly rcfractile droplets or yellowish flakes which stain 
orange to bright orangc-red Normally no appreciable amount is present Fatty acids 
appear as flakes which stain faintly, or fine needles which tend to aggregate in dusters, 
do not stain, and melt on gently warming the preparation Soaps appear as jellowis 
flakes, rounded or gnarled bodies everted like the pinna of the car, or coarse crysta s 
which do not melt on warming. They do not stain with Sudan III. 

In feces of healthy persons the only fat elements recognizable microscopically arc 
yellow calcium or colorless soaps. With an increased quantity of fat (steatorrhea) rop ct * 
of neutral fat appear, together with needles and splinters of fatty acids and soaps, an 
often an increase Jn the number of soap masses. In sprue from 25 to 30 per cent ° e 
fat ingested appears in the stool, whereas the stool of pellagra, a disease possi y c 
fused with sprue, shows only about 5 per cent, the normal figure 

Vegetable Cells! Vegetable cells and fibers, often of bizarre appearance, arc * 
present in feces ofNpatients on a mixed diet. Familiarity with them is nece 
avoid confusing themyith ova and parasites. k ut aJ -c 

Pus. Pus cells indicate an inflammatory or ulcerative lesion of the rat 


(A) Neutral fat ( B ) Fatty acid liberated 
by acetic acid (C) Soaps (D) Fatty acid 
crystals (Courtesy, Hawk Practical Physio- 
logical Chemistry, Philadelphia, The Ulakiston 
Company.) 
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sparse in amebic dysentery They should be looked for in flecks of mucus and not in 
the body of the stool. Except with active diarrhea, well-preserved pus or blood cells indi- 
cate a lesion in the lower colon Many large phagocytic cells, which may superficially 
resemble amebae, together with pus cells, are highly suggestive of bacillary dysentery. 

Crystals. Charcot-Leyden crystals, which are practically never found in the fcccs in 
bacillary dysentery, are not infrequently present in amebic dysentery. They occur also 
in helminthiasis and in allergic conditions, including some cases of mucous colitis. 
Hcmatoidm crystals may occur after hemorrhage Triple phosphate and calcium oxalate 
crystals are often found 

Intestinal Protozoa To demonstrate motile free-living amebae, the feces must be 
collected uncontaminated by urine or antiseptic solution and kept at body temperature 
until the examination is completed. The specimen should be examined promptly. A warm 
stage may be used, preferably thermostatically controlled Overheating must be avoided 
If a fluid diarrheal stool is av atlable, a fleck of mucus should be fished out and examined 
(16-mm. objective). Portions of a formed stool may be emulsified m salt solution and 
examined, but motile organisms are not often found unless flecks of mucus can be se- 
cured. It is better to pass a rectal tube and examine mucus caught in the eye of the 
tube. If this is not successful a saline purge is given, and the first fluid stool is ex- 
amined, some mucus being secured if possible. Positive recognition requires observation 
of definite and typical motility. It is helpful to add a loop of 05 per cent neutral red in 
salt solution, which vitally stains the amebae 

cssTt. Cysts of protozoa arc looked for in formed fcccs. The material need not be 
fresh or warm. A moderately thin suspension through which newsprint can just be 
read is made in salt solution and examined under the low-power objective. Cysts aie 
easily located as sharply outlined, highly retractile, round structures with a diameter 
from one to two tunes that of a red cell, and can be identified with the high dry ob- 
jective. They may be more easily recognized by the average observer if the drop of fecal 
suspension is mixed with a drop of Lugol’s solution or preferably D'Antoni’s solution. 
The cysts are tinged yellowish or brownish, and the nuclei are more distinct. Some 
prefer to use Wcnyon’s iodine-covin solution which stains the background and most 
other structures pink. (See section on Amebiasis.) 

D'An tons' r Soiu(>on. This solution vs prepared by adding I 5 Gm, iodine to 100 ml of 
1 per cent potassium iodide solution The mixture is allowed to stand for four days, 
being shaken occasionally It is filtered and stoppered tightly It should be renewed 
after four weeks. 

loJme-eosm Solution This consists of 2 pans of a saturated solution of cosin in 
physiological salt volution, 1 part of a saturated solution of iodine in physiological salt 
solution containing 5 per cent potassium iodide, and 2 parts of physiological salt volution. 

rLxciUjVTts ami kALANTtblLM col! The flagellates {Ctardij, Trichomonas, Chilomaitix) 
and Balantidium coh can be found in ordinary fresh preparations. 

ova The ova of intcvunal helminths, if numerous, can be found in ordinary fresh 
preparations (using the low power objective) If they arc sparse, concentration procedures 
arc nccevsary Faust cl al (!9iS) recommend the following procedure About 5 Cm. feces 
are rubbed thoroughly m 20 ml warm water Ten ml of this are placed in a centrifuge 
lube, after straining through one layer of moist cheesecloth. The contents of the tube arc 
ccnmfugcd at high speed for one minute, the fluid is decanted, and the sediment 
rubbed up us water Tins is centrifuged and decanted The process is repeated several 
times. When the supernatant fluid is practically clear it is decanted and the sediment is 
suqicndcd m a hulc 33 J>er cent zinc chloride solution The lube is filled nearly to ihc 
Wins and centrifuged at high speed for one minute. Wuh a loop, some of the floating 
material is moved to a slide, a drop of iodine solution is added, and examination of the 
sample is made 

Other ptoee Jutes especially applicable to hookworm arc described in the section dcabng 
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with hookworm. Concentration methods should supplement and not replace the mud 
methods of examination. 

Bacteria, Bacteria, chiefly dead, arc present in enormous numbers. Except as a meant 
ot demonstrating specific pathogenic organisms, but little useful information is to be 
obtained from their study. 

, ^ b j5, of / cccs is suspended in 70 per cent alcohol in the concavity of a hollow ground 
slide. The heavy particles arc allowed to sediment for a few minutes, and films are made 
of the suspension. These arc fixed by heat or in methyl alcohol to eliminate fat and 
stained by Gram’s method, and for tubercle bacilli if indicated. In the normal infant 
Gram-posrtivc organisms predominate (lactic acid bacilli), but in the adult most 6f the 
bacteria are Gram-negative. Gram-positive bacilli include: (1) Lactic acid bacilli, slender 
rods showing Gram-negative areas. They may be greatly increased in number by feeding 
aeidophflous milk. * (2) Boas-Oppler bacilli; these may be very numerous in cancer 
of the stomach (3) Gas bacilli; a marked increase has been held to indicate abnormal 
intestinal putrefaction (4) Gram-positive cocci. 

To demonstrate tubercle bacilli, particles of mucus or purulent material are selected 
if possible. They can often be found in patients with pulmonary tuberculosis who 
swallow the sputum, without any intestinal lesion. Concentration of tubercle bacilli 
in feces requires more vigorous measures than in sputum. A portion of feces the size of 
a pea is emulsified in 20 per cent antiformin, or 10 per cent sodium hydroxide, and 
heated for 30 minutes at 45* C. After centrifugation, smears are made from sediment 

cultures To demonstrate organisms of the typhoid-dysentery group cultures should 
be made on plates of special media, such as MacConkey’s agar. (See section on media.) 
The surface of the medium must be dry. The feces should be freshly collected in a sterile 
container. 


It is convenient often to objain cultures for enteric pathogens by use of the rectal 
swab This eliminates the need for stool collection and all of the difficulties entailed. 
The beveled end of an enema tube (size F.S. 30) is cut off so that it will be about 6 
inches long. A swab is prepared by twisting cotton tightly about the end of a 10-inch 
applicator. A drop of collodion can be used to assure security of the swab. The swab is 
placed in the tube so that the cotton can he at the beveled end and both tube and 
swab are autoclaved. For use, a small amount of lubricating jelly is applied to the sheath 
and the tube is passed into the rectum for a distance of about 4 inches. The swab is 
exposed by pulling the sheath back about an inch and it is inoculated by rotating it 
around in the lumen of the gut. To remove, the swab is drawn back into the sheath 
and the entire tube is pulled out. The cultures are then taken and handled exactly as 
described for stool cultures 

For culture, a small amount of feces (the size of a pea) is rubbed up in a tube or 


sterile broth or salt solution Several loops are transferred to a plate near one margin. 
With a sterile platinum wire or fine glass rod, the end of which is bent at a right ang e to 
the handle about 1 inch from the tip, the material is streaked over the surface of the 
plate in parallel strips as wide as the bent end of the spreader Without sterilizing c 
spreader, the material still adhering to it is similarly streaked successively over ^ three 
additional plates. In this way a progressive dilution of the suspension is secure , t e 
degree of dilution depending upon the diameter of the spreader With some practice 
one can be certain of finding a suitable distribution of colonies on one o t e p a es 
such media as bismuth sulfite or SS agar are used, undduted feces can be spread ov« 
the plates, since the growth of nearly all other organisms is inhibited. Aft 
for 21 hours suspicious eolon.es should bo fished and subcultured on Russell s medium, 
or Killer's iron agar, or a preliminary macroscopic agglutination test may , 

placing asmW drop ol a 1 .10 d.lu, J of immune serum on a shde, .touching £ ^ 
with the tip Jf a platinum needle, and rubbing th.s up in the d, op. A P“ iu ' e r "‘ 
indicated by>e immediate appearance of v.sible clumps Such colon, es must be sub 
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cultured, and the agglutination confirmed by more precise methods. Any of these media 
will give satisfactory results after some experience with them has been obtained, but 
the observer must be familiar with the appearance of the colonies of the organisms for 
which he is searching on the particular medium employed. 

Special media for isolating cholera vibrios are described in Chapter 1 1. 

Chemical Examination 

Reaction. The reaction of the feces is normally slightly alkaline to litmus A strongly 
alkaline reaction suggests faulty digestion of protein and putrefaction An acid reac- 
tion suggests disturbed carbohydrate digestion and fermentation. The feces often become 
frothy on standing 

Pancreatic Ferments. Amylase and trypsin are normally present If quantitative 
estimations are needed, it is better to make them on duodenal contents than on feces. 
Winslow's method for determination of amylase (diastase) in unne (p 840) may be 
applied to feces A filtered 10 per cent extract of feces in 0 1 per cent sodium carbonate 
is employed, and the results expressed as ml of starch solution digested by 1 Cm. of feces. 
On a general hospital diet and after magnesium sulfate or castor oil, McClure and 
Pratt gite normal values as 0 to 5000 Ferments arc reduced or absent m acute 
necrosis of the pancreas, and in cases of obstruction of the pancreatic duct; they arc 
variable in chronic pancreatitis 

Bile Pigments. Schmidt's (Qualitative) Test A little feces is rubbed up in a 
saturated solution of mercuric chloride in a porcelain dish. This is observed after several 
hours. Urobilin, the normal pigment, gives a salmon pink color; bilirubin, a green. 

Quantitative Determination Most of the methods for quantitative estimation of 
urobilin in the feces arc cumbersome and require considerable experience Co insure 
reliable results. Such estimauons are often of value, however, in the study of hemolytic 
anemias Normally there are marked daily fluctuations, so that the determination should 
be made on a specimen representing the excretion of srvcral days The method of 
Wilbur and Addis (1914) has been most frequently u<ed, but the end point (extinction 
of spcctrovcopic bands) is notoriously inaccurate and there is no way of converting 
such dilution figures into mg of urobilin excreted. These objections arc met by the 
procedure of Elman and McMaster as slightly modified by Josephs for clinical use. 

(1) Feces collected over a jscriod of three or four days arc mixed thoroughly with 
water and mashed through an ordinary kitchen strainer, using sufficient water so that 
a representative sample can be easily obtained (500 ml to 1500 ml., according to the 
volume of the feces). The total volume of the suspension is measured. (2) To a small 
measured sample (25 ml ), three volumes of acid alcohol (1000 ml. 95 per cent alcohol, 
25 ml concemratrd hydrochloric acid, and water to give a volume of 2500 ml) arc added. 
The mixture is sliaken and allowed to stand overnight m the dark (During tins time 
the urobilinogen is extracted from the fecal particles and largely oxidized ) (3) After 
shaking, to 10 ml. of this suspension ate added a drop of tincture of iodine (to com- 
plete oxidauon), 0.5 Cm. zinc acetate, and 10 mL of a saturated solution of zinc acetate 
in 95 i*r cent alcohol, freshly prepared about every three days. This is filtered until 
clear (4) In one of two absolutely clean test tubes of equal caliber are placed 15 mL 
standard acrulavin solution (I . 30,0X1.000. freshly diluted from a stock sotuuon con- 
taining one part in 100,000 and kept in the dark). In the other tube arc placed 15 mL 
diluting fluid (2000 mL 60 per cent alcoliol, 50 Cm. zinc acetate, 10 ml concentrated 
hydrochloric acid, filtered until dear). To this tube arc added measured amount* of 
the solution to be tested untd the tWrcsccnte in the two tubes matches. (For ordinary 
amount* of urobilin this will be in the neighborhood of 03 ml.) The companion should 
be made against a black background with the light passing through the tubes at right 
angles to the line of vision. One mg urobilin in 2000 ml. diluent matdics die standard 
acrulavin solution when freshly prepared, saturated zinc acetate solution is used. 
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Calculation: 

The degree of dilution of the feces in the final solution divided by 20 00 gives rt, 
total excretion of urobilin in mg. for the period represented by the fecal collection. Thus 
if the volume of the original fecal suspension is 1000 ml. and if OJ ml. of the fluorescent 
solution is added to 15 ml. of diluent to match the standard, 


1000 X 4 X 2 X 15 

2000 x 0.3 ~ 


200 mg. of urobilm. 


The average normal daily excretion of urobilin is roughly parallel to the amount 
of circulating hemoglobin; in adults, about 0.2 mg. per Gm. of hemoglobin, as- 
suming the bloo^l volume to be 76 ml. per kilogram. There are great individual 
variations. The excretion is decreased during diarrhea and also somewhat during 
constipation. An increase to two or three times the average may occur in a variety 
of conditions and usually has little clinical significance. In hemolytic anemias 
during the active stages the amount excreted may be 10 or 15 times the normal. 

Urine, jf it docs not contain bile, may be treated like the filtrate in (4) above, first 
adding a drop of tincture of iodine. If bile is present the results are inaccurate. The 
amount excreted in the urine is of little importance as compared with that excreted in 
the feces and should not be used to estimate the severity of a hemolytic process. The ratio 
between the excretion in the urine and that in the feces can be used, however, as a test of 
liver function If more than 10 per cent of the urobilm excretion occurs in the urine, it 
is indicative of liver damage, even in the absence of bilirubmemia. 

Ordinarily there is no urobilm in the bile, but Elman and McMaster have shown that 
infection of the biliary passages may cause a conversion of bilirubin to urobilin. This sug- 
gests that the presence of urobilm in the bile may indicate an infection of the bile 
ducts or gall-bladder. Thus far this possibility has not been tested clinically. 

Occult Blood. In all tests for occult blood, chemically clean glassware must 
be used. The activity of the reagents must be checked frequently, with a 1 per 
cent dilution of blood. A button of feces should be removed from the center ot 
the fecal mass, to avoid surface contamination with blood from the rectum. 

Grecerson Test (1) A little feces is smeared over a glass slide. (2) A few drops of 
50 per cent acetic acid, and (3) a powder containing 0.2 Gm. barium peroxide and 00 
Gm. benzidine are added This may be put up individually in waxed papers, or mixe in 
bulk, stored m dark bottles, and the quantity estimated approximately on a spatula. Re- 
sult: (a) A deep-blue color in three seconds is q strong reaction, (b) A pale-blue coot 
within 12 to J5 seconds is a moderate reaction (c) A palc-bJue or green color withm W 
seconds is a weak reaction The reagents are adjusted to limit the delicacy of t e re 
action, so as usually to avoid false-positive reactions, including those due to the co - 


live reactions, and only negative results are significant. . , , -. 

Benzidine-hydrogen Peroxide Test (I) A moderately dim suspemmn of ic< :« 
made in 5 to 10 ml. water, an equal volume of ether is added, the mi* we Jffl ' 

and the ether discarded (to remove fat). (2) The residue “ pig- 

glacial acetic acid, and (4) an equal volume of ether (which tabes »p “ ( 5 ) 

men.) is added. A few drops of alcohol will facilitate the apaw ' ^ ^ 
The reagent (equal parts of a saturated solution of benzidine in glacia 
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hydrogen peroxide) is prepared. (6) The ether extract is stratified o\er the reagent, or 
a little of the extract and of the reagents are dropped on a filter paper. A positive reac- 
tion is indicated by the appearance within one minute of a greenish-blue, deep-blue, or 
bluish-black color at the line of contact The intensity of the color and the rapidity of 
its appearance serve as a rough gauge of the strength of the reaction. Feeble or doubt- 
ful reactions arc of no significance 

Most interfering substances are removed The reaction is very delicate, however, 
and may be influenced by the diet. A positive reaction should be checked by an examina- 
tion after the patient has been on a meat-free diet for three days. A reaction obtained by 
adding the fecal suspension directly to the reagent is much less reliable 

The orthotolidine test may be used (see Urine, p 836) The tests using guaiac or alom 
have been largely discarded, since they are much less delicate, and have no compen- 
sating advantages over bcn 2 idine 

Quantitative Determination of Fats. Cammidge’s method (1914) is recommended by 
Beaumont and Dodds. 

A Total Fat A few Gm. of feces are dried to constant weight over a water bath and 
then in a vacuum desiccator This is ground up thoroughly in a mortar. Exactly 0 5 
Gm. is transferred to a 50-ml graduated extraction tube such as a Schmidt- Werner 
milk tube. Ten ml of 30 per cent hydrochloric acid (to split the soaps) are added and 
the mixture is heated for 15 minutes in a boding-watcr bath, the contents of the tube 
being mixed several times by careful rotation The tube is cooled, filled to the mark with 
ether, stoppered tightly, and inverted 50 times so as to mix the contents thoroughly. It is 
allowed to stand upright until the ether separates Just 20 ml of the ether layer are pipetted 
into a weighed dish, the ether is evaporated and the residue dried in a vacuum desic- 
cator and weighed The difference (vv) between this figure and the weight of the dish 
» the total fat in 20 ml of ether The volume of fluid left in the extraction tube (y) is 
read or measured y — 10 ml. (the hydrochloric acid added) + 20 ml. (the ether re- 
moved), or y + 10 ml , is the volume of ether in which die fat from 0.5 Gm. of feces is 
dissolved. Hence. 


per cent total fat = 


w X (y + 10) X 100 
20 X 05 


B Niutral Fat ami Fatty Acids (witiiolt thi Soaps). To determine this fraction, to 
a second portion of 0 5 Gm. of dried fcccs are added 10 mJ. distilled water instead of 
30 per cent hydrochloric acid. The same procedure is then followed as for total fat 
and the combined percentage is calculated in the same manner. 

C. Fatty Acids To determine these separately, the residue in (R) is rcdissoKcd in 
20 ml. ether, a few drops of alcoholic phcnolpblhaJcm solution arc added, and the re- 
sulting solution is titrated with N/10 alcoholic sodium hydroxide. The fatty acids are all 
estimated (arbitrarily) as stcanc acid, which has an atomic weight of 2S4. Hence. 

r,r My «,d. = v °i N 'l 0 ^OH^X 002 MX<y+IQ);<IU 0 
20 X 0.5 

By subtracting this figure from the combined percentage in (U), the per cent ot neutral 
fat is obtained 


flic normal figures arc given as: 

Total fat 
Neutral fat 
1 any acids 
boaps 


IS% to 25% 
1% to 27. 
9% to 137. 
57. to I0t. 
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In pancreatic insufficiency the total fat is greatly increased (to 60 or 80 per cent), 
and it is largely neutral fat. In obstructive jaundice, sprue, and other conditions 
in which absorption is disturbed, there is also an excess of total fat in the feces, 
but this is made up largely of fatty acids, since the lipase of the pancreas is not 
reduced in these conditions. 



CHAPTER iO 


Examination of the Gastric Contents 


The examination of the gastric contents is a useful procedure in the study of 
gastric function, even though the practical value of the information so obtained 
is distinctly limited, and its interpretation often difficult. By this means one may 
obtain evidence as to (l) the motility, and (2) the secretory capacity of the 
stomach. In a large majority of patients with complaints referable to the stomach, 
the discomforts arc immediately dependent upon disturbances of motility rather 
than of secretion Roentgenologic examination, as a rule, is more valuable than 
gastric analysis in detecting motility disturbances, although it is more expensive, 
and requires considerable experience for accurate interpretation. Gastric analysis, 
however, often gives valuable confirmatory information, and is the only direct 
method of determining secretory capacity. 

The points of chief importance to be determined by examination of the stomach 
contents are 1 (1) Evidence of stasis; an abnormal volume of fluid and food re- 
tention 12 hours after a stasis meal (important). (2) The time required for the 
stomach to empty itself afeer a standard test meal, or the volume remaining 
after a definite time interval. (3) The capacity to secrete hydrochloric acid and 
enzymes (important). (4) The degree of acidity and the quantity of enzymes 
formed after a standard stimulus. (This is less important. So many variable 
factors influence acid secretion that only gross variations from normat have any 
significance.) (5) Presence of abnormal constituents (lactic acid, bacteria, pus, 
blood, etc ). (Important in selected cases.) (6) The degree of digestion of the 
food (of minor importance). 

There is a< >et no general agreement as to the best procedure for such an examination 
Opinion* differ at t» die best meal to give, at to the type of tube to use, and as to live 
time at which the contents should be removed. 

flxanunanon of < om>tm is much lest satisfactory than that of material obtained 
through a tube because it it always mixed with saliva and mucus from the mouth, and 
often with regurgitated duodenal contents, which dilute the gastric contents and directly 
neutralize some of the acid. However, it should always be examined when available, if 
passage of a tube is not advisable. Passage of a tube is absolutely contraindicated in 
the presence of an aneury im of the aorta, esophageal varices (cirrhosis), obstruction of 
the cw>phagu* (cancer, stricture), and usually with an esophageal diverticulum, a bleeding 
ulcer, and m myocardul insufficiency, extreme hypertension, or coronary disease (angina) 
Passage of the Tube. The large, semirigid tube* formerly used cause so much 
setching and discomfort to the patient that they ate now rarely employed for test 
meals. An additional disadvantage is that the stomach cannot he emptied so completely 
with them as with a small lube. They must be used for gasme Usage in cave of poison- 
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mg or m case the lumen of the small iul)c becomes plugged ujlh mucus or coarse 
looil particles. 

The Rchfuss tube or one of its modifications is used extensively in this country. The 
Ryle tube (with a closed tip weighted with lead) is much used in Great Britain. The 
patient (if able to do so) should sit upright in a chair with the head thrust slightly for- 
ward. The metal bulb is dropped behind the tongue, and the patient is instructed to 
swallow it, and to continue to swallow, as he sucks the tube into the mouth, until the 
50 cm. mark reaches the teeth. It is often necessary to give a small (measured) amount 
of water with the tube. 


We prefer to use a catheter type of duodenal tube with lateral openings, such as the 
Levin tube (No. 16), or Sawyer tube, or, in eases olTcrmg difficulty, a Jutte tube, which 
is passed by means of a blunt-tipped wire stylet, and requires no active cooperation from 
tlic patient. The tube is moistened and chilled in ice water. The patient is instructed to 
keep the mouth open and to breathe rapidly and deeply through the mouth to control 
retelling The up of tlic tube is pushed into the pharynx, and the patient is told to 
swallow once or twice to direct the up into the esophagus. It can then usually be passed 
on into the stomach without further swallowing. If necessary the throat can be sprayed 
with 2 per cent cocaine solution If one nasal passage is free from obstruction, it may be 
cocainized and a No 12 or 14 Levin tube passed with a minimum of discomfort, but this 
is not recommended as a rouUnc procedure- The patient is instructed to expectorate 
(and not swallow) any saliva or mucus that accumulates in the mouth. 

Test Meal. A stasis meal should be given 12 hours before the test if stasis is suspected, 
It may consist of nee pudding containing raisins, or a charcoal powder may be ad- 
ministered. Tlic test meal should be given in the morning, with the stomach "empty." 
The tube should be passed and the stomach completely emptied before the test meal 
is given To do tins effectively tlic aspiration should be earned out with the patient 
recumbent, prone, and in both lateral positions Tlic normal fasting stomach contains 
from 20 to 100 ml. (occasionally 150 ml ) of fluid (average 50 ml.), A larger volume of 
fluid indicates a gross disturbance of motility. The presence of appreciable amounts of 
food residue nearly always means organic pyloric obstruction (usually due to ulcer or 
cancer) The contents should be saved for the usual examinations later. Free h)drochlorie 
acid is normally present (circa 20), but is often absent m patients who show normal 
amounts of acid after a test meal 

The Ewald breakfast is still widely used. 2 thin slices of dry bread or toast (without 
butter) (35 Cm ), well masticated, and 2 cups (250 ml.) of clear tea (or preferably water, 
either hot or cold) In place of the bread, one may give a shredded wheat biscuit, or 
eight arrowroot biscuits (which arc free from lactic acid). This may be eaten with the 
small tube in place after tlic stomach has been emptied if the patient prefers this, rather 
than removal and re- introduction of the tube The Boas meal (1 pint of strained oatmeal 


gruel) is also widely used 

Many prefer an alcohol meal, 100 ml. 7 per cent alcohol, injected through the tu c. 
Some give 300 ml 5 per cent alcohol. The chief advantage is that the stomach contents 
are "cleaner," and less likely to obstruct the tube than if food is administered are 
about equally satisfactory as stimulants of gastric secretion The alcohol meal * 
stomach more rapidly than the Ewald meal. Bergeim, Rehfuss, and Hawk showed that 


plain water is an efficient stimulus. 

Removal of Gastric Contents. Many still follow the original method or wa , 
ing the entire contents of the stomach one hour after the patient started to cat e - 
Others prefer fractional removal A small tube is passed 30 "tmu es af«r the meal, 
and » left in place. A small sample (5 ml. to 10 ml ) ts 1 obZei The 

vals until the stomach is empty, or until 3 to 10 samples toe J 

stomach is emptied completely at the last aspiration. S P If a scnci 0 f 

dividually. The stomach, however, does not mix its contents tho g y 
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samples are withdrawn in rapid succession, either with or without altering the position 
of the tube, the various fractions often show marked differences in the degree of acidity 
present. The results of a fractional removal may, therefore, he misleading, unless the 
entire stomach contents are thoroughly mixed by repeated aspiration and reinjection 
prior to each removal If this precaution is taken the method gives more complete and 
precise information as to gastric function than does a single aspiration, and often shows 
free hydrochloric acid in patients in whom it was not present in the single (one-hour) 
specimen. One may question, however, whether the practical value to the patient of the 
additional information obtained adequately repays the extra time and discomfort in- 
volved, except in selected cases Bloomfield and Keefer (1926) have devised an 
elaborate procedure for estimating also the rate of secretion and discharge from the 
stomach. 

Histamine Injection. Histamine given hypodermically furnishes the strongest known 
stimulus to gastric secretion, and is the crucial test in differentiating between "true” and 
“apparent” achlorhydria Its administration is not to be recommended as a routine pro- 
cedure, but it should be used, as a rule, in all persons showing no free hydrochloric acid 
by other methods, particularly m patients suspected of pernicious anemia or idiopathic 
hypochromic anemia A small tube is passed (fasting), and the stomach is emptied, the 
tube being left in place Instead, the test may be given at the conclusion of one of the 
meals previously described, if no free hydrochloric acid has been secreted. Three-tenths 
mg. histamine (as histamine or ergamme phosphate) is injected hypodermically Nothing 
is given by mouth. The stomach is emptied after 15 minutes, and again after 30 minutes. 
Occasionally a third specimen at 45 minutes is desirable. The dose of histamine originally 
advised (001 mg. per kilogram) gives a somewhat greater response, but often causes 
disagreeable reactions, and is not without danger. 

Bockus and others have shown that about 50 per cent of the patients who show no 
free hydrochloric acid after an ordinary Evvald meal will show it after a fractional 
analysis, and an additional 25 per cent will show it after histamine injection The normal 
range of acidity is from 40 to 140, usually between 90 and 125. Patients with benign 
gastric ulcer practically always show free hydrochloric acid of 30 or higher. The normal 
volume in the 15-mmutc period varies from 35 mf. to 150 ml 

Examination of Specimens 

Gross Appearance. J The tolume is measured and recorded Delayed emptying is 
indicated by a volume of more than 150 ml in die fasting stomach, of more than 100 ml. 
one hour after an Evvald meal, or by the presence of food and appreciable amounts of 
fluid mure than two and one-half hours after such a meal fractionally removed 

2. The color is noted A yellowish or greenish tint indicates regurgitated bife Snuff 
amounts are normal Streaks of fresh blood arc usually due to trauma from the tube. A 
dilTusc reddish or brownish color suggests gastric bleeding. The "codec grounds" sedi- 
ment composed of blood altered by prolonged stasis suggests cancer. 

3. A foul or rancid odor in the fasting contents suggests cancer 

4. Mucus is normally present tn small amounts. Excessive amounts most often come 
from swallowed sputum or nasopharyngeal secretion. Tins is often frothy, floating on 
ihc surface of the fluid in tenacious manes, and contains squamous epithelium, pus 
cells, and other constituents of sputum. Mucus may be secreted by the stomach m large 
amounts, particularly in chronic gastritis. It usually contains sw often gastric (columnar) 
epithelial cells and a few pus cells 

5 Seatcii is made for gnus food ttnduc in the fasting contents. The amount of food 
tcsulue and the degree of its digestion after a meal arc estimated roughly 
Microscopic Examination, Microscopic examination of the residue from die fasting 
stomach is important, and must be nude immediately. Examination of die sediment after 
a test meal tauiy yields any uicful information. Look fot. 
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the solution. As such a mixture is neutralized by a strong base, appreciable amounts 
of ionizable hydrochloric acid disappear when the pH has risen to about 4 0 Topfer's 
reagent is used as an indicator of free hydrochloric acid because it shows a fairly 
sharp change in color when the pH has been raised to about this point. 

Free Hydrochloric Add: Qualitative Determination Filter some of the gastric con- 
tents through cheesecloth or soft filter paper, and put a measured amount (10 nil. if 
available) in a porcelain dish or small flask over a white background Add 3 drops of 
Topfer's reagent. If free acid is present, the fluid turns a bright chcrry-red color 
topfer’s reacent. Five tenths Gm. dimcthyl-amino-azo-bcnzol in 100 ml. 93 per cent 
alcohol. 

Boas' Test. If the color obtained with Topfer's reagent is indeterminate. Boas' test may 
be used in confirmation. In a porcelain dish put a few drops of Boas' reagent and 
evaporate to dryness (do not scorch). Add a drop of stomach contents and heat gently. 
The appearance of a rose red color which fades on cooling indicates the presence 
of free mineral acid. (The acid hydrolyzes the sugar, liberating lcvulosc, which reacts 
with the resorcinol to produce the color — SehvvanofFs reaction) 

boas' reacent Resorcinol, 5 Gm., cane sugar, 3 Gm.; 50 per cent alcohol, 100 ml 
Quantitative Estimation of Free Hydrochloric Acid From a buret add N/1Q sodium 
hydroxide (N/1Q0 if only 1 or 2 ml. of filtrate are available) until the color changes to 
a dull salmon pink (Michaelis). Many prefer to titrate until a canary-yellow color is 
obtained, as the color change is sharper. The results arc slightly too high, but this is of 
no practical significance. Observe the volume of alkali added 
Calculation: 


No. of ml. of N/10 NaOH used X 100 „ 

: - ; : = Free HC1, expressed as ml of N/IO acid per 

Volume of sample utrated 

100 ml of gastric juice. This may be abbreviated to N/10 acid %, or referred to 
simply as “points.” It seems undesirable to use the term “degrees,” which has been used 
to indicate units of an entirely different sort. 

To convert this figure into absolute per cent of acid, multiply by 0 003G5 
Total Add (Quantitative Estimation). To the same sample, after completing the pre- 
ceding titration, add 3 drops of a 0.5 per cent solution of phcnolphthalcin in 95 per cent 
alcohol, and add N/10 sodium hydroxide from a buret until a distinct pink color is 
obtained which persists after stirring for several seconds. Observe the total amount of 
alkali added in both titrations. 

Calculation: 


Total No. ml N/10 NaOtl used X 100 
Volume of sample analyzed 


total acidity in N/10 acid %. 


The normal figures for an Ewald meal are from 25 to 50 free hydrochloric acid, and 
from 50 to bO (or even to 100) total acid. The average normal figures for a fractional 
analysis are shown m the chart from 1 lawk 

The difference between the “total acid” and ihe free hydrochloric acid is commonly 
spoken of as the " combined and" It includes the hydrochloric acid combined with 
protein, the acid salts, and organic acids if prevent. Separate determination of these frac- 
tions it of no clinical v alue. 

Hydrogen-ion Concentration. The hydrogen ton concentration may be determined by 
live method described (p 926) or more simply by die use of test papers (Topfer's reagent 
and thymol blue), comparing the color obtained with standard charts. The additional in 
formation sn obtained iv rarely of much practical value. 

tactic Acid; Kimy/i Tut To a test tube of distilled water add 3 drops of 10 per 
<cnt (erne chloride solution (fresh and light in color), and mu. Pour half into a 
suit i!ar u»t< as a control. Into one tube put a small amount of filtered gastric jmcc. 
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20 40 60 80 100 120 minutes 

Acidity curves of normal human stomach (Courtesy, Hawk: Practical Physiological Chemistrj, 
Philadelphia, The Blahmon Companj ) 

Inspect by looking down into the tubes against a white background. A distinct canary- 
yellow color indicates the presence of lactic acid. Slight traces are of no significance. 

Lactic acid (occasionally with acetic and butyric acid) occurs only when stasis exists 
in the absence of hydrochloric acid, and strongly suggests cancer. It should be tested 
for in all cases with achlorhydria or marked subacidity. 

Pepsin. Pepsin is always present if hydrochloric acid is secreted, and may be present 
in cases showing a complete achlorhydria Clinically its estimation is of practical salue 
only in such cases, in which it is desired to determine complete loss of gastric function 
(achylia gastnea) . , . 

Mett's Method Mett’s method is the most practicable. Into each of 2 test tuDes p 
2 (better 4) Mett tubes. To one tube add 15 ml N/20 hydrochloric acid. To the other 
tube add 1 ml. filtered gastric juice diluted with 15 volumes of N/20 hydrochloric act . 
Incubate 24 hours at 37* C. Note whether the ends of the column of cwsuWM 
bumin in tubes m the diluted gastric juice hare been digested and tf so J 

(in mm ) the length of the digested portion in each of the 4 (or 8) open end . 
take the average. The control tubes should show no digestion ]6 

To express quantitatively in Mett units, square this average figure and mMpiy y 
(the dilution). Normal figures are 2 to 4 mm. digested, or 64 to 256 units. 5“* 
are only approximations. Different specimens of albumin may k jf 

ferences in the amount digested when tested in the same specimen & . ’ bc 

little or no digestion has occurred, the presence of small amounts p p 

checked by repeating the test with higher concentrations of gastric juice. 

mbit’s inns To prepare the tubes, select ? piHa-y glass 
ameter of 1 to 2 mm. Clean, break into 6- or S-inch lengths, a nd f iU ,(^ sur.^ ^ 
mersion) with clear, filtered egg albumen, free from air bubb PI g. ^ ^ , ie 
bread crumbs, and coagulate by immersion in a svater bath at : 85 , 1 * *e 

water until the bath cools. Seal the ends 2 1m. long, and 

icebox. When needed, break the tubes sqnardy cr whlch contain air 

discard any poruons the lumen of which is not completely hllc , 
bubbles. 
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Blood. Blood should be tested for by the benzidine or orthotolidine method (see 
fcccs). Traces arc of no significance (trauma of the tube). Bleeding in ulcer and cancer 
can be followed more cons eniently by examination of the feces. 

Bactcriologlc Examination. Bactenologic examination of stomach contents rarely fields 
information of practical value except to demonstrate tubercle bacilli in swallowed sputum 
Normally the contents are stenle. If achlorhydria is present, the usual mouth flora arc 
obtained Tubercle bacilli can frequently be demonstrated in swaltowred sputum from 
patients who fail to expectorate. The stomach contents should be examined for tubercle 
bacilli in every suspected case of tuberculosis in which the organisms are not readily 
found in sputum. The fasting stomach contents should be aspirated through a tube as 
described, and the mucus and sediment examined by means of stained films and cul- 
tures, as in the exammauon of sputum, preferably after concentration Culture or guinca- 
pig inoculation n preferable to stained film, since nonpaihogcnic 3cid fast bacilli occur 
about five times as frequently in stomach contents as in sputum 


Interpretation of Examination 

Interpretation of the results of these examinations requires much judgment 
and discrimination. In an untrained patient the results of the first examination 
arc often misleading Unexpected or bizarre results should always be checked 
In practically all cases a definite diagnosis can be reached only in conjunction 
with the history and other findings. 

In a majority of patients with gastric complaints (other than those due to gross 
dietary indiscretions) the symptoms arc due to functional disorders brought 
about by disturbances of innervation, and not by organic disease in the stomach 
itself. Both motility and secretion are under nervous control. These disturbances 
may arise as a “reflex” from organic disease elsewhere, such as chronic appendi- 
citis, cholecystitis, ureteral stricture, or pelvic disorders. In many cases they arc 
simply a result of abnormal pervous tension, or of purely psychoncurotic dis- 
turbances There is no finding characteristic of purely functional disorders. 
Pylorospasm and hyperacidity arc common, but atony and subacid ity occur. A 
great variation in the results of successive examinations is a suggestive finding. 

Delayed motility may be due to (1) organic pyloric obstruction ( cancer , ulcer 
with stricture, adhesions), (2) pylorospasm (functional or reflex disturbances of 
innervation, ulcer); (3) atony (most often seen in undernourished, asthenic 
individuals with visceroptosis, or as a purely functional disturbance). 

Kapid emptying of the stomach is met with chiefly in (1) achlorhydria; (2) 
functional disturbances; (3) duodenal ulcer; (4) rarely in cancer infiltrating but 
not obstructing the pylorus. 

Hyperacidity. It has been shown by BoIdyrclT and others that normally pure 
gastric juice contains 0 4 to 0 3 per cent hydrochloric acid, and that the usual 
concentration of 0.15 to 0.2 per cent is the result of dilution and neutralization 
by ingested food and fluid and by regurgitated duodenal contents. Hyperacidity 
is often associated with pylorospasm, which retards or prevents such regurgitation. 
It further causes a prolonged retention of food residue which stimulates a pro- 
tracted and perhaps accelerated rate of acid secretion. There is often a pro- 
gressive use m acidity throughout the fractional analysis. Hyperacidity it met 
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with in many cases of gastric ulcer and most cases of duodenal ulcer, but is a 
common result of functional or reflex disturbances. 

Achlorhydria. Achlorhydria of a temporary character occurs as a functional 
disturbance, and often in fevers and in debilitated individuals. True achlorhydria 
(or a marked subacidity) occurs (1) as a constitutional defect (often symptom- 
less); (2) in many elderly individuals (a senile degenerative process); (3) in 
chronic gastritis (due to alcohol, faulty habits of eating, chronic focal or 
systemic infections, etc.); (4) in pernicious anemia and idiopathic hypochromic 
anemia; (5) in some cases of chronic gall-bladder disease; (6) in most eases of 
cancer except those arising in a chronic ulcer. The achlorhydria often antedates 
the cancer, and is not necessarily a direct result of the cancer. 

Achylia Gastrica. Achylia gastrica (with loss of ferments as well as acid) 
occurs in most cases of pernicious anemia, and in a smaller proportion of the 
other conditions listed above. 

Gastric Ulcer. In gastric ulcer there may be a normal or an increased acidity 
(rarely a subacidity), often pylorospasm and delayed emptying, and the inter- 
mittent presence of blood. These findings change but little if cancer develops in 
the ulcer. A large volume of fasting contents and a total acidity over 70 suggest a 
chronic ulcer with obstruction. 

Carcinoma. In an advanced stage, carcinoma may often be recognized by 
demonstrating achylia or achlorhydria, evidences of obstruction (large volume of 
fluid with 12-hour food-retention, lactic acid, Boas-Oppler bacilli), and blood 
(present in a majority of the eases). In the early stages a diagnosis can rarely be 
made by gastric analysis alone. 


CHAPTER -fi 


Examination of the Duodenal Contents and the Bile 


These examinations are so tedious and so uncomfortable to the patient and 
the information they yield is usually so meager that they are indicated only in 
selected cases. In these lew cases they may be of great value. Practically, examina- 
tion of the duodenal contents is useful chiefly as a means of measuring the pan- 
creatic ferments in suspected pancreatic disease. Examination of the bile gives 
positive information m some cases of cholecystitis and cholelithiasis, but in many 
cases no definite conclusions can be drawn. Much experience and critical judgment 
arc required for the interpretation of the findings, and these must always be con- 
sidered in conjunction with all the information obtainable by other methods of 
examination. 

Procedure. The examination is made in the morning with the patient fasting A 
duodenal tube i* passed to the 55-cm mark, as previously described, and the stomach 
is completely emptied by aspirauon and lavage. The patient then lies on the right side 
with the hips elevated and the lube held loosely in the mouth. By taking a few swallows 
of water and sucking in about 1 inch of the tube every five minutes (up to about the 
75-cm mark), the latter will usually enter ihc duodenum within 30 minutes to an hour. 
Pylorospasm may be overcome by injecting hot water through the tube, or by giving 1 
mg of atropine sulfate Attempts to hurry the passage of the tube frequently result in its 
coiling up in the stomach. It must then be withdrawn to the 55-cm. mark, and the process 
repeated more gradually The tube should be filled with water, and the drainage obtained 
by siphonagc collected in small flasks or bottles, using a new bottle whenever the ap- 
pearance or color of the fluid changes The arrival of the tube m the duodenum can 
usually be recognized by the change in the character of the fluid. If in doubt, this can 
be verified by the "duodenal lug," a prompt collapse of the tube when suction is exerted; 
and by the failure to recover promptly, by aspiration, water or colored fluid which is 
swallowed 

Duodenal Contents. Normal duodenal contents consist of a thick, viscid, ropy fluid, 
clear or faintly opalescent, pearly gray or light yellow (bile), and alkaline to litmus unless 
mixed with gastnc juice It is a mixture in varying proportions, of duodenal secretion, 
pancreatic juice, bile, and gastnc juice Liulc or no useful information is obtained by 
titration or microscopic examination 

I’ascxxatic h taut nts These may be measured by ihc method of McClure ct at (PJ21) 
The following simpler methods suffice for all practical purposes. Only gross wtunons 
from normal arc significant estimations in duodenal contents arc more reliable than 
in feces The fluid should first be made 8 degrees alkaline to phcnotplithalcm ssith 
sodium hydroxide 

Txviuv We employ Cross’ mctliod in the following manner. In a senes ul o mull 
icit tubes, place 1 0, U.5. 0.25, 0 t, 005 and 001 ml alkalinized duodenal content* To 
each add 25 mL 0.1 |<r cent casern in 0.1 per cent NaaCOj, and mu Add a seventh 
tube for control, containing only casein solution. Digest in water bath at 38* C for 15 
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minutes. Add a few mlbbten cold water; then acidify each tube with dilute acetic 
acid, and mix. Note least amount of duodenal contents producing complete digestion as 
indicated .by transparency of the mixture, and report as number of milliliters of casein 
solution that 1 ml. duodenal contents will digest. If this is the tube containing i ml. 
duodenal contents, report would be 2 5; if one containing 0 l ml., 25, etc. We consider 
the normal to be 25 to 50. 

Amylase (Amylopsin). We apply Wohlgemuth’s method in the same manner as in 
the previous test, using 1 per cent soluble-starch solution instead of casein, and digesting 
for 30 minutes. Test for starch with a few drops N/20 iodine in each tube. The tube with 
the least amount of duodenal contents, showing no blue color when mixed, is de- 
termined, and the result calculated as for trjpsin. We consider the normal to be 2.5 to 

Lipase (Steapsin). Place 1 ml. alkalinized duodenal contents in each of 2 large test 
tubes. Boil contents of one, and cool. To each tube then add 1 ml. ethyl butyrate, 10 
ml. water, and 1 ml. toluene Shake well, and incubate at 37* C. for 24 hours, shaking 
several times in the interval. Then titrate acidity, using N/10 sodium hydroxide and 
phenolphthalein. The difference (in milliliters) between the results of the two titrations 
represents the lipase. We consider the normal to be 0.2 to 2.0. 

Parasites. Parasites base been found in rare instances: Ciardla lamblia, Strongyloides 
stercordis, Endamoeba histolytica, two-cclled hookworm ova. 

Bacteriolocic Examination. Cultures are of practical value only when the contents 
contain infected bile. Normally they are sterile. If achlorhydria exists, mouth organisms 
may be obtained. Regurgitation of colon bacilli and other intestinal organisms is rare. 

Bile. After sufficient duodenal contents have been collected for examination, slowly 
inject 50 ml. of hot 25 per cent solution of magnesium sulfate through the tube. (If purg- 
ing is contraindicated, hot bouillon or hot water usually suffice Dilute hydrochloric acid 
is an efficient stimulus, but it precipitates the fats and makes the specimens useless for 
examination.) Siphon (or if necessary aspirate) out as much of the solution as possible 
and collect the ensuing drainage in small bottles To get satisfactory specimens it is 
necessary to watch the drainage constantly, and to change the container with each 
change in the appearance of fluid. As a rule, after from 5 to 30 minutes bile appears 
If the duodenal contents were colorless, the first few ml, are usually bright Jight-yelloW 
in color (Lyon’s “A bile,” which he believed comes from the ducts). This is quickly fol- 
lowed by darker bile, “B bile," which undoubtedly comes from the gall-bladder, but is 
inevitably diluted mare or less with duodenal secretion and pancreatic juice This 
fraction usually comes out rapidly in spurts, until from 5 to 50 ml. (or even 100 ml ) ha\e 
been obtained Normally this is deep golden-yellow in color, viscid and ropy, clear, and 
alkaline to litmus. This is often interrupted by spurts of cloudy, opaque, yellow ( egg- 
yolk”) fluid, owing to an admixture of gastric juice (If this is allowed to mix with the 
dear fractions, the specimen will be ruined ) , 

If no “B bile” is obtained wiffun 30 minutes, a second and even a third injection shou 
be tried. Flow may sometimes be stimulated by abdominal massage, or by basing e 
patient walk about „ , ,. c 

The B bile is followed by the slow, protracted drainage of a lemon-yellow «uio, 
bile,” which Lyon belies ed comes directly from the liver. 

Failure to obtain B bile may be due to. (1) Premature discharge from the gall-bladOcr, 
before the tube is in place. (2) Spasm of the sphincter muscl, si frtobab y). (3) O* 
non of the cystic duct by stone or adhesions (4) Failure of the gall bladder to M and 
contract in a normal manner, usually due to cholecystitis. Total absence pS 
indicates complete obstruction of the common duct. _ u , preenisb-bbek. 


The color of. the B bile may be abnormally dark: a golden-brown to 3 
Such fluids darken rapidly and turn greenish on standmg. Th^ md^tes s asis ^ 
bladder, a condition which predisposes to stone formation. The fluid m y 
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contain considerable mucus in cases of cholecystitis (Exclude acid from the gastric juice, 
and swallowed sputum ) 

Microscopic examination of the centrifuged sediment must be made immediately. 
Look for; (!) Pus cells which are bile-stained and scattered through the specimen in fair 
numbers point strongly to a cholecystitis. Unstained, "cleared” pus cells, and masses of 
mucus containing many pus cells are usually from the mouth. (2) Jhle-stained epithelial 
cells and granular, cellular detritus suggest chronic cholecystitis. (3) Cholcsterm crystals, 
as translucent or opaque, impure, flat, rhombic plates, often m irregular masses. (4) 
Calcium bilirubinate, in tbc form of light-brown granules or dark red-brown or blackish 
precipitate. Large amounts of both these substances arc highly suggesti\e (90 per cent) 
of gall-stones. Either or both in small amounts have no significance. (5) Rarely, micro- 
scopic gall-stones (“bile sand”), as small, concentrically laminated concretions. Fatty 
acid and soap crystals often separate out on standing, but base no significance. 

Negative findings arc not conclusive. 

Cultures of B bile from cases with active cholecystitis not infrequently reveal the 
causative organism, but the results of cultures must be interpreted with caution, par- 
ticularly if achlorhydria is present We spread the material on plain agar and blood 
agar plates, using I loop of material in one senes, and 1 ml. in a second scries Cultures 
from the fasting stomach (and from the duodenal contents, if free from bile) arc useful 
as controls. Perfect asepsis is impossible, and a few colonies must be disregarded, al- 
though normal bile usually yields entirely sterile cultures. A fairly abundant growth of 
a possible pathogen in relatively pure culture is usually significant, particularly if the 
control cultures do not sliow them. Colon bacilli are most often obtained, occasionally 
staphylococci, or streptococci Typhoid bacilli can usually be obtained in Culture from 
earners, mure easily and mure regularly than from the feces. 


CHAPTER 42 


Tests of Liver Function 


The liver performs, or participates in the performance of, many different and 
apparently unrelated functions of vital importance. Among others it brings about 
(1) deamination of amino acids and synthesis of urea; (2) conversion of glucose, 
fructose, galactose, and lactic acid into glycogejj, and storage of glycogen; and 
(3) mobilization and delivery of glycogen as glucose to the blood, so as to 
maintain approximately a constant blood-sugar level; (-4) it takes up bilirubin 
(and urobilinogen) from the plasma and excretes it in the bile; (5) it synthesizes 
and excretes bile salts; (6) it excretes cholesterol; (7) it detoxifies many sub- 
stances, both extraneous poisons (e.g., strychnine, cinchophcn) and protein 
cleavage products of digestion; (8) it excretes certain dyes; (9) in most mammals 
except man it oxtdizet uric aetd; (10) it forms fibrinogen and probably other 
plasma proteins; and (11) through its Kupifer cells it participates in all the mani- 
fold functions of the reticulo-endothchal system, including the removal of bar- 
tcria and other particulate matter from the blood and the synthesis of btltcu tn 

from hemoglobin. , 

Many different tests of liver function have been devised, based on these ac- 
tivities, but none has proved satisfactory as a means of detecting early or s 'g 
impairment of function. Many have been abandoned because expertcncc s 
shown that they ate unreliable ot loo insensitive to be of any practical value. 


It is obvious that no single test can measure adequacy the opacity ^ 
with so many different functions. These funcUons in diseases oC ^ Hch fa im- 

pressed uniformly, nor is there any constant relation in *'**"*“ of , lver | es ,„n 
ferent activities arc depressed It is not possible to associate a y , V , 1 ,- 

wuh any one disturbance of function. Some of ihem are so much g _ 

activmes of other organs that they ate unreliable as an indica not i of Fur- 

the storage and mobilization of glucose is influenced y i P most of 

the, mote, the reserve capacity of the liver ts so great tom 75 “ 9S <^„ bly d[et ti 
its activmes, according to animal expet.men s lhat ls funcl.on „< ura) ate 

only d the injury is dUfuse and severe, and some funcUoos t g . V ^ 

maintained until destrnction ,s pracneall, complete Ftmd „ tthos ,s cotn- 

rarely affect the usual tests appreciably, and e,cn ln " ' . (un£tl0 „ according to 
pensatoty hyperplasia may be adequate to maintain norm 

"iMfoIlows that one should not depend upoc ' exclude 

several should be used. A normal “ £J „ be cxd „deJ, a ddini.e 

disease of the liver. On the other hand, if enota in to edence of disease of 

impairment of funct.cn revealed by any one » J Uv „ inj ury * the mote 
the liver- Although in a very general way the more severe 
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impairment the functional tests will show, there is no dose correlation between the 
degree of impairment and the gravity of the disease. However, a progressive improve- 
ment or deterioration of function, as shown by repeated tests on the same individual, 
has definite prognostic value. 

Disturbances of Bile Excretion 

These are characterized by hyperbilirubinemia. Bilirubin is derived largely if 
not entirely from the hemoglobin of disintegrated red blood cells (and possibly 
from muscle hemoglobin). The process is discussed in the section on Hemolytic 
Anemias (p. 424). Hyperbilirubinemia is met with clinically: (1) in mechanical 
obstruction of the bile ducts; (2) in accelerated blood destruction; (3) in diffuse 
liver injury. In the latter group it is believed that two factors play a part: (1) the 
damaged liver is unable to remove bilirubin from the plasma as fast as it is 
formed, even though there is no pathologic acceleration of hemolysis; and (2) if 
damage is intense and necrosis of liver cells extensive, the bile canaliculi probably 
become blocked, and the bde which has been secreted is reabsorbed, creating in 
cflcct an intrahepatic obstructive jaundice. It is obvious that mechanical obstruc- 
tion of the ducts may lead to diffuse liver, injury, particularly if associated with 
infection. It is probable also that some degree of liver injury must be present to 
produce jaundice in hemolytic anemias, since 95 per cent of a normal dog’s liver 
may be excised without producing jaundice. This may be due to anoxemia re- 
sulting from the anemia (Rich). 

Bilirubin which has been excreted by the liver and reabsorbed appears to differ in two 
important respects’ from that which has not passed through the liver cells, in that it 
gives a jvositiv c direct van den Bergh reacuon and is readily excreted by the kidney, 
whereas the latter, which is believed to be combined in some way with plasma protein (or 
present in the form of a colloid, instead of a crystalloid), gives only an indirect reac- 
tion and is not excreted in the urine unless the concentration in the plasma becomes very 
high. A “bijihastc” reaction is explained by the simultaneous presence of both types of 
bilirubin. If these views are valid, the otherwise puzzling behavior of the van den Bergh 
rcacUon can be more easily understood. The qualitative van den Bergh reaction, there- 
fore, detects and differentiates between “free" (crystalloid) and "combined" (colloid) 
bilirubin and thus yield* information of great diagnostic value. The quantitative van 
den Bergh measures the total bilirubin (of both types) present. 

Van den Dergh Test: Qualitative Tut (1) In each of 3 small tubes put 0.25 ml. of 
clear scrum or plasma (which must be free from hemoglobin). The scrum must be 
examined within two hours or kept on ice. (2) To the first tube add 02 ml. water, 
and to the second tube add 02 ml freshly mixed duzo reagent, shake, and wait 5 to 10 
minutes. (3) If any color appears add 02 ml. of diazo reagent to the third tube and 
observe constantly, noting when the color first appears, and when it becomes maximal 
(use the first two tubes for comparison) The development of the maximal color us 
tube 2 can be hastened by adding a crystal of caff ein e-sod iunv salicy late. (4) If no color 
aj>pcars in five minute* add 0.5 ml 95 J<r cent alcohol, *hake, and note whether any 
color ha* appeared. Ceninfuge jf necessary. 

Hie reaction can be nude more sensitive by layering the reagent oscr the scrum and 
«<lners ing the color at the plane of contact. 

iMiM'x station An immediate direct reaction i* indicated by the prompt appearance of 
a j'uiphsh ted color which become* maximal within 30 seconds. A biphauc reaction it 
indicated by the appearance within 30 seconds (prumpt bipliastc) or W) second* (delayed 
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biphasic) of the red color, which gradually increases in intensity. A reaction which docs 
not appear until more than a minute has elapsed has about the same significance as a 
positive indirect reaction. 

If no color appears within one minute, but docs appear (promptly) after adding 
alcohol, this constitutes a positive indirect reaction. Any scrum giving a positive direct 
reaction will also give a positive indirect reaction. 

Quantitative Test (1) In a graduated centrifuge tube put l ml. clear scrum. (2) Add 
0 5 ml. diazo reagent and shake. (3) Add 2.5 ml. 95 per cent alcohol and shake. (4) 
Add 1 ml. saturated ammonium sulfate solution, mix, and let stand 15 minutes. (5) 
Centrifuge until clear. (6) Compare with standard solution m a colorimeter or com 
parator. 

Calculation: 


Reading of standard 
Reading of unknown 


X *1 X 0.5 = mg. bilirubin per 100 ml. 


Some prefer to substitute for 4 in this formula the observed volume of the dear 
alcoholic solution above the precipitate in the centrifuge tube. 

If a dilution type of colorimeter is used, the formula becomes: 


Volum e of unknown 
Volume of standard 


X 4 X 0.5 = mg. per 100 ml. 


If the unknown requires dilution, use a mixture of alcohol 2 parts and water 1 part. 

Normal scrum contains usually from 0.1 to 0.3 (never over 0.5) mg. per 100 ml. Van 
den Bergh's “unit" corresponds to 0 5 mg per 100 ml. 

Reagents- eurlicu's diazo reagent. Solution 1. Sulfamhc acid, 1.0 Gm.; concentrated 
hydrochloric acid, 10 ml., water, to 200 ml. 

Solution 2 Sodium nitrite 05 Gm in 100 ml. water. Renew once a week. 

Immediately before use add 0.1 ml. of soluuon (2) to 10 ml. of solution (I). 

standard solution Dissolve 2.161 Gm. anhydrous cobalt sulfate (or if this is not ob- 
tainable, 3 92 Gm. of the rccrystalhzed salt) in 100 ml. water to which 0 5 ml. concen- 
trated sulfuric acid has been added. This keeps indefinitely in the dark. It correspond* 
in color to 0 5 mg. of bilirubin in 100 ml. 

The color of the alcoholic solution may differ considerably in tint from that of the 
cobalt sulfate, and a better match may sometimes be obtained by substituting for the 
latter a solution prepared by diluting 07 ml. N/I0 potassium permanganate to 50 ml 
with distilled water. This must be freshly prepared. 


Significance. In obstructive jaundice a positive direct reaction is obtained (oc- 
casionally with some "biphasic" intensification). A positive direct reaction may 
be given even by a trace of uncombined bilirubin, insufficient to raise the icterus 
index significantly. Irv hemolytic anemias an indirect reaction is usual. In diffuse 
disease of the liver any type of reaction may be obtained, depending upon t e 
stage and severity of the process. Thus in catarrhal and arsphenamine jaundice 
the reaction is at first indirect; later it becomes biphasic; and if necrosis is exten 
sive it may become direct. If recovery occurs, the same changes occur in reverse 
order, and this may be the first favorable prognostic sign. The reaction is, t ere 
fore, not of help in distinguishing jaundice due to mechanical obstruction o t c 
ducts from other types. It is not a sensitive indicator of liver injury, since ma 
cases occur without hyperbilirubinemia. 

Icterus Index. Thu measures the intensity of the yellow color of the sen® 
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As this color depends largely upon bilirubin, the test is of some practical value 
in giving a simple approximate estimation of the bilirubin present. Hemoglobin, 
hematin, carotin and other lipochromes, if present, cause gross errors. The yel- 
low pigments can be avoided by using a fasting blood specimen. A normal icterus 
index excludes hyperbilirubinemia. However, high values are much less depend- 
able and should always be confirmed by the van den Bergh test. It is useful 
chic fly in following the course of a ease from day to day. 

pRoetDURE. Procure clear serum or plasma without the slightest trace of hemoglobin 
(the chief source of error). Put 1 ml. serum in a comparator tube, and dilute with 0 85 
per cent salt solution until the color matches that of a 1 : 10,000 solution of potassium 
bichromate (to which sulfuric acid has been added in the proportion of 4 drops to 1 
liter, as a preservative). The volume of dilute scrum in ml. gives the icterus index. At- 
tempts to get more exact readings with a colorimeter are useless and imply a degree of 
precision which the test does not possess. 

If the scrum is tinged with hemoglobin or is cloudy, put 2 ml, serum in a graduated 
centrifuge tube, and add 4 ml. acetone. Mix, and centrifuge after five minutes Note the 
volume of the supernatant solution, correct for dilution Compare with standard solu- 

. . Put 2 

- r »■ . .■ , shaking 

constantly Add 2 ml petroleum ether, mix thoroughly, and centrifuge. The pigments 
are extracted in the supernatant ether layer, and the intensity of color may be compared 
with that of the potassium bichromate standard for icterus index determination 

Significance. Normal serum gives readings from 4 to 7 (maximum of 9). 
Readings from 10 to 16 may indicate “latent jaundice,” while higher readings 
arc obtained with evident jaundice (up to 100 or more). There is only an ap- 
proximate correlation between these figures and those of the van den Bergh test. 
The icterus index figures may vary from 6 to 25 (usually about 10) times those 
of the van den Bergh test (expressed in mg. per 100 ml.). This discrepancy is due 
in part to die fact that the same amount of bilirubin in the uncombmcd (crystal- 
loid) form imparts more color to a solution than it docs in the combined 
(colloid) form. 

Urobiltnogcnuria. An increased excretion of urobilinogen in the urine has 
been utilized as a test of liver function Normally the greater part of the pigment 
which is absorbed from the intestine is taken up by the liver and rc-cxcrctcd m 
the bile as bilirubin, only traces reaching the kidney Marked increases are fre- 
quently seen in hemolytic anemias and in some cases of diffuse liver injury 
However, experience has shown that this is not an early sign of liver miury and 
is often negative m cases with advanced injury It has been found increased in 
about 20 to 2S per cent of miscellaneous cases of definite liver disease An in- 
crease in the proportion of the total urobilin excreted which appears in the urine 
is more significant (sec p. V>5) In cotnjvlctc obstructive jaundice the traces 
normally present disappear (except with acute infections of the bite passages) 
(Tor methods see p 8V>, i'xamination of the Urine ) 

Uromsulfslnn Dje Excretion Tot ( I’henohctrxhromphlhilcin Disodium Sulfonate). 
This <lje ha* largely *uppIanreJ diow previously used and is. on die whole, die most uus- 
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factory. Neither this nor any other excretion test is of any significance in cases uith 
obstructive jaundice (when the scrum yields either a direct or biphasie van den Btrgh 
reaction). The dye may be purchased in 5 per cent solution in ampules ready for use 
(and also a comparator with standard color tubes) from Hynson, Wcstcott and Dun, line 
Baltimore). *’ 

Procedure. (1) Weigh the patient, and calculate the number of ml. required to furnish 
a dose of 5 mg. per kilogram (divide the weight in kilograms by 10, or in pounds by 
22). (2) Inject this quantity, undiluted, into a vein, slowly (one minute), and carefully 
to avoid leakage. (3) At precise intervals of 5 minutes, 30 minutes, and 60 minutes with- 
draw 5 ml. of blood from the opposite arm vein, taking the usual precautions tp prevent 
hemolysis. The 30-minute specimen is the significant one, and the others may be 
omitted in ordinary routine tests. (4) Put about 1 ml. of clear scrum in each of two 
comparator tubes. To one add 1 or 2 drops of 10 per cent sodium hydroxide to secure 
maximum depth of color, and to the other 1 drop of 5 per cent hydrochloric acid. (5) 
Read at once in the comparator, backing the standard tube with the tube containing 
acidified scrum, and the alkalinized scrum tube with a tube of water. 


Standard solutions may be prepared (in advance) by adding 5 mg. of the dye (0 1 ml. 
of the 5 per cent solution) to 50 ml. of water which has been alknlinized with 025 ml, 
of 10 per cent sodium h>droxide. From this solution, which corresponds to 100 per cent, 
make progressive dilutions with similarly alkalinized water (SO, 70, 60, 50, 40, 30, 20, 15, 
10, 5 per cent). Readings must be made promptly after the serum has been alkalinized, 
as clouding may occur after a few minutes and spoil the readings. 

Interpretation The normal reading five minutes after injection is from 20 to 50 per 
cent (average 35 per cent). After 30 minutes all the dye, except perhaps a trace, has 
disappeared. The presence of 10 per cent or more of the dye 30 minutes after the injec- 
tion indicates definite impairment of function. In cases of grave liver injury considerable 
amounts may persist for several hours. Some advise an interval of 45 minutes instead of 
30 minutes. 

The dose of 2 mg. per kilogram originally advised is much less efficient as a test. If 
this dose is used, the blood should be obtained 20 minutes after the injection. 


Significance. The test is not a sensitive indicator of milder degrees of liver 
injury. Positive evidence of impairment has been obtained in about 60 per cent 
of cases of proved liver disease, particularly in cirrhosis (but much less frequently 
if a dose of 2 mg. per kilogram is used). This percentage is as large as, of larger 
than, that given by any other test except the bilirubin excretion test. There is no 
close correlation between the amount of dye retained and the gravity of the 
disease, and a normal result docs not exclude liver disease. 


Bilirubin Excretion Test (von Bergman). This offers the obvious theoretical advan- 
tage that it tests the reserve capacity of the liver to perform one of its natural func- 
tions under an overload. It is useless in any patient with hyperbilirubinemia. It is a 
highly sensitive test, revealing impairment of function in a larger proportion o P a 
with liver disease than any of the other usual tests. It is somewhat complicated to cany 
out, however, and thus far has not come into general use For technic see Softer 
.Paulson (1934). 

Other Tests of Liver Function 

Hippunc Acid Excretion Ter. (Quick). (1) After a light brrakfnst, g,s = ■ 
a glut “of water, and have him empty diehhdder(2) if 

sodium benzoate dissolved in 20 ml. sterile d, sidled water prrparrd w.^ 
preeautions), taking five minutes or more for die in, re, on. This torresponds 
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of benzoic acid. (3) Jusf one hour after completing the injection collect the entire 
amount of urine, by catheter if necessary (4) Acidify with acetic acid if the analysis 
is not completed at once. (5) Measure the volume, and if over 100 ml., concentrate 
the acidified urine over a water bath to a volume of 50 to 100 ml. (6) If less than 100 
ml, heat the acidified urine over a boiling water bath, in either case adding 1 tea- 
spoon of powdered charcoal if « is high colored or contains bile. (7) Filter while hot 
through coarse and then through fine filter paper (8) Add 5 Gm. ammonium sulfate 
for each 10 ml. filtered urine, heating it necessary to dissolve (9) Cool and acidify 
with strong hydrochloric acid until it gives a strong reaction with Congo red paper. 
Stir with a glass rod, scratching the sides of the flash to surt crystallization, and let stand 
until crystallization is complete, overnight if necessary (10) Filter by gentle suction 
through a fine filter paper OO Wash with 3 portions of 5 ml ice water (12) Dry in 
incubator at 37* C overnight (13) Weigh, subtract the weight of the filter paper, and 
add 0.1 Gm, for each 100 ml solution, including the washings, to compensate for dis- 
solved hippuric acid 

The hippuric acid is formed by the conjugation of benzoic acid with glycine which is 
synthesized in the liver (The conjugation occurs in both the liver and kidney.) The 
maximum amount of hippuric acid which can be formed from the sodium benzoate 
given is 2.2 Gm Normally 1 Cm or more is excreted during the first hour, A smaller 
exaction indicarrj impairment of liver function. The test is relatively sensitive, but it 
unreliable if renal function is impaired or urinary excretion otherwise disturbed. 

Galactose Tolerance Test. Theoretically this sugar is an ideal test substance, since it is 
not utilized by muscle, and since normally all is taken up by the liver and converted 
into glycogen without need of msutin Any that passes through the liver is quantitatively 
excreted by the kidneys, since the renal threshold for galactose is believed to be zero. 
It is not necessary to follow the blood sugar The test may be used even in diabetics, and 
is especially useful in jaundiced patients. 

Pxoceduxe Administer to the patient, fasting, 30 Gm. of chemically pure galactose in 
250 ml. (or more) of water. Collect all the urine m separate hourly specimens for five 
hours, giving water at desired, but no food Test each specimen for sugar (Benedict's 
* method) Combine any specimens which contain sugar, and estimate the sugar quan- 
titatively, at glucose If glucose is present it may be removed entirely, without ap. 
prccttblc loss of galactose, by rapid fermentation Make up a 10 per cent suspension of 
thoroughly washed yeasL To 7 7 pari* of tins add 1 part of urine and incubate for 45 
minutes. Determine die quantity of sugar remaining, all galactose (Shay et al , 1931). 

Significance. A decreased tolerance is indicated by a total excretion of more 
than 3 Gm. of sugar. The chief value of ihc test is in the differentiation of ob- 
structive from nonobstruciive jaundice. It is generally agreed that impaired 
tolerance is rare in the former group, but common in the latter (catarrhal jaundice, 
etc,). In other type* of liver disease the test is of littic value, as it is rarefy positive, 
and usually only in the advanced stages 

Ccphalin -cholesterol flocculation Test (Hanger). (J) l n 3 cemn f URC tu bc put 0J 
ml serum (which «s frevh or fu* been ptcicncj in t/, c icebox) (2) Add 4 ml 0S5 
1*1 M ' f uiu,n (M In a similar tube put 4 ml sail volution only (4) To both 

tube* add I ml ccplialm diolcvtcrol emulsion (5) stoj-jxr with cotton, and let 
vund uptight at room temperature for 44 lumr*. Read al 24 and 4S hours Record a* 
negative »f there t\ no c lunge m the sut;«j»ion Die degree of precaution, d any, ti 
recorded a» from 4- to -f *, the Litter being complete precipitation with dear supernatant 
fluid 

Individuals without hepatic divease give a negative reaction. Patients with ob.irycmc 
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jaundice usually give at most a weak positive (+) reaction, which presumably indicates 
some secondary liver injury. Patients with significant diffuse liver injury (cirrhosis, 
hepatitis, arsphenamine jaundice, etc.) give a prompt strong positive reaction. Negative 
reactions arc obtained in hemolytic jaundice, in circumscribed liver lesions including 
most eases of carcinoma, and in some eases of jaundice following arsenical*, etc. The 
test is relatively sensitive, and may give positive reactions in other diseases such as 
severe infections, leukemia, uremia, in which it is difficult to demonstrate liver injury 
by other methods. 

CephaliN'Cholestekol: stock solution. Dissolve 100 mg. sheep brain cephalm and 
300 mg. cholesterol in S ml. ether. Stopper tightly and shake until completely dissolved. 
(A suitable preparation can be purchased from Difeo Laboratories.) 

working emulsion. In a test tube graduated at 15 ml. put 17.5 ml. distilled water, 
warm to 65* to 70* C in a water bath. Add 1 ml. of the stock solution slowly, stirring 
constantly. Bring to a boil slowly and let simmer until the volume is reduced to 15 ml. 
Cool. (This gives best results if freshly prepared but can be stored for a short time if 
mcrthtolatc is added to make a concentration of l : 10,000.) 

Cbolcsrcrol Esters. The formation of cholesterol esters from cholesterol and fatty 
acids is believed to take place in the liver, and a reduction in the percentage of blood 
cholesterol which is present in ester form is regarded as an indication of liver injury. (Sec 

p. 791.) 

Plasma Proteins. A reduction in total protein and particularly in plasma albumin is 
frequently observed in severe liver disease. This also occurs, however, in other diseases 
in which the liver is not notably involved, such as “nephrosis," malnutrition, and cer- 
tain infections. 

Prothrombin Formation. In patients with a prolonged prothrombin time, particularly 
if jaundiced, failure to secure improvement by administration of vitamin K is an indi- 
cation of severe liver injury. (See p 467.) 

Other Chemical Changes. In the most advanced (prcmortal) stages of liver necrosis 
the following changes may be observed: 

1. Fall in blood urea nitrogen, with a rise in amino-acid nitrogen and total nonprotein 

nitrogen. . , 

2. Fall in urinary urea, with increase in ammonia and ammo-acid excretion, and oc- 
casionally the appearance of lcucin and tyrosm crystals in the sediment 

3. Reduction of fibrinogen in the blood and a tendency to bleed. 

4. Marked hypoglycemia. 


CHAPTER 43 


The Endocrine Glands 


Procedures arc available for titrating in blood or urine the quantity of a num- 
ber of hormones or their derivatives, and thus obtaining a measure of the score* 
lory activity of the glands secreting them. These are mostly complicated pro- 
cedures requiring the facilities of a well-equipped laboratory. Of the hormone 
tests only the more usual tests for pregnancy will be discussed here. 

Basal Metabolism 

By basal metabolism is meant the total energy produced by the combustion of 
food substances in the body under conditions which reduce the energy expendi- 
ture to a minimum; ie., when the individual is fasting and is physically and 
mentally at rest and relaxed. The metabolism is raised above the basal level by 
the chemical processes involved in digestion and absorption (10 to 15 per cent) 
and by mental or physical activity. 

The metabolism may be determined directly by measuring the heat liberated in a 
calorimeter, or it may be calculated if the oxygen consumed and the carbon dioxide 
liberated (and the nitrogen excreted in the urine) over a fixed period arc measured 
accurately. The amount of heat liberated for each liter of oxygen consumed (“caloric 
value" of O) (or carbon dioxide produced) is not a constant hut depends upon the 
relative amounts of carbohydrate, fat, and protein tn the food mixture oxidized If 
carbohydrate only is burned, for each atom of carbon burned, one molecule of oxygen 
is consumed and one molecule of carbon dioxide is produced. The respiratory quotient 
(RQ.) or llic ratio by volume of die COa/O involved is, therefore, 1.0 The catoric 
vafuc of one (iter of oxygen (and a (so of carbon dioxide) under these circumstances is 
found by calculaUon and observaUon to be 505 calorics. If fat only is burned, aside from 
the oxygen required to oxidize the carbon to carbon dioxide, addiUorul oxygen is 
needed u> oxidize the hydrogen, which is eliminated as water The raUo of COa/O is 
therefore less than 1 0 (for average fat 0.707) and the caloric value of one liter of oxygen 
is less than that of one liter of carbon dioxide. (O, -1.60 cal.; CO 2 , 663 cal) Under all 
ordinary conditions fat and carbohydrate arc both burned, in varying proportions, as 
well as some protein (which has a R.Q of about 0-b0). To estimate the energy output 
precisely in this w ay is a tedious procedure. 

It lus been found, however, that in the fitting ttjie if the subject has been taking 
an average diet, the RQ is relatively constant, on the average 0 82, and that for routine 
diagnosis (except in diabetics of appreciable severity) no error of practical significance it 
intioduced if this average figure 11 assumed It is, therefore, possible to calculate the 
basal mctalHihsm with sufficient accuracy by determining either the oxygen con- 
ruuption or the carbon dioxide output. Both procedures liavc been employed Calcu- 
lat.ons based on oxygen consumption are more reliable than those based on carbon 
dioxide excretion alone The variation in the caloric value of carbon dioxide is much 
g'tater llun that of oxygen if the actual R.Q varies from the average figure. There may 
577 
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also be a pumping out" of carbon dioxide from the plasma bicarbonate if the pulmonary 
ventilation rate is increased (or a storage of carbon dioxide if the rate is diminished) 
during the brief period of the test. The caloric value of a liter of oxygen with a 
R Q, of 0 82 is 4 825 calories. 

Methods. If both oxygen consumption and carbon dioxide elimination are to be 
measured and the R.Q. precisely calculated, the Tissot "open method" should be used. 
This is practicable only in well-equipped laboratories with specially trained technicians, 
and the procedure will not be described. 

For determinations of oxygen consumption alone, several satisfactory simple “closed 
circuit” outfits are available. Among those post used are the Sanborn, the Roth, and the 
Collins modifications of the original “portable” apparatus of Benedict; the Krogh; and 
1 McKesson’s Metabolor. With all of these, the nose of the patient is closed with a chp, 
and he breathes through a suitable mouth piece and breathing tubes into an air chamber 
sealed with a water jacket and containing an excess of oxygen. The expired air is car- 
ried through a jar of soda lime inside the chamber to remove carbon dioxide. The 
circulation of air may depend upon the patient’s own efforts, controlled by flutter 
valves, or upon a motor blower By means of a kymograph variations in the volume of 
air in the apparatus are recorded on special graph paper, from which the diminution in 
volume (oxygen consumed) can be read directly. This is corrected for temperature, 
changes in temperature if any, barometric pressure and moisture (the air is SO per cent 
saturated), and converted into energy equivalents (calorics per hour) by means of tables 
which are furnished with the apparatus, together with detailed instructions for its 
operation 

Accurate results depend upon scrupulous attention to details, of which the following 
are especially important The test must be carried out in the morning with the patient 
under “basal” conditions He must fast for 14 hours before the test In the morning, 
before the test, he should not smoke, drink coffee or tea, or make unnecessary physical 
exertion. A glass of water may be allowed, as this is less disturbing than discomfort 
from thirst. As a rule the patient may come to the laboratory for the test if he rests 
at least half an hour before the test. The room must not be cold or excessively hot. The 
procedure should be explained in detail Apprehension, restlessness, or discomfort of 
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any sort increases oxygen consumption and leads to gross errors. Complete cooperation 
of the patient is indispensable. Practically all errors tend to make the result too high. 
Two jvnods of 6 to 10 minutes should be tried If the results are discordant; the lower 
figure is usually more nearly correct A third period may be tried, but as a rule it is 
better to dismiss the patient and repeat the test the following day. This should always 
be done if the result is pathologically high, if it is higher than was expected, or if the 
test appears to be unsatisfactory in any way 

Errors inherent in the use of the apparatus are unusual if reasonable care is taken to 
as oid them. The most common arc leakage of air, especially around the mouth piece or 
nose dip, rarely through a perforated ear drum, obstruction lo free circulation of air 
(due to water in the breathing tubes, sucking vaKcs, or caked soda lime), and incom- 
plete absorption of carbon dioxide because of too protracted use of the soda lime. The 
} '—w ■» result but usually causes dyspnea and irregular breathing, 

■ . * tube into a clear solution 
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Significance. The basal metabolism in normal individuals varies with their age sex 
and stze. It vanes more nearly with the surface area than with either height or weight! 
The area may be calculated, f r0 m the height and weight, by the DuBois formula: 


Area = Height (cm )°- 725 X Weight (kilograms) 0 - 1 - 3 X 72.84 
or read by interpolation from the chart. 

The basal metabolism is usually expressed as the number of calorics produced per 
square meter of body surface per hour. It is greatest in early childhood and gradually 
diminishes with age ft is from 7 to 10 per cent Jower in women than in men There 
is as yet no universally accepted normal standard. The three standards most extensively 
used are those of Aub and DuBois, based on surface area; of H am s-Ben edict, based on 
height and weight, and of Drcyer, based on weight. We give the table of Aub and 
DuBois because this is in most general use, and is more dependable for subjects of 
unusual build. Their figures, which were based on tests in a calorimeter chamber 
lasting an hour or more, arc about 6 per cent higher than those obtained by most 
workers by measuring oxygen consumption over 6- to IQ-minute periods during which 
more complete relaxation may be maintained. For children the standards of Benedict and 
Talbot may be used The basal metabolic rate is usuaily expressed as the percentage by 
which the observed figure deviates from the normal average. The standard with which 
it is compared should always be recorded. Figures from — 10 per cent to +10 per cent 
(and usually to +15 per cent) arc within the limits of the normal variation. 

Recent studies (Shock, 1942, and others) indicate that the normal standards of Aub 
and DuBois for adolescents are also too high, particularly for females. Shock gives the 
following mean values 1 


Age 13. Males, 44 1 cal ; females, 39.9 cal. 
Age 15. Males, 42 8 cal.; females, 35-7 cal. 
Age 17: Males, 40.9 cal., females, 33.4 cal. 


Alterations in Disease. The B.M.R. is controlled primarily by the thyroid 
through its secretion of thyroxin. In severe cretinism and in myxedema and after 
total thyroidectomy the B.M.R. falls to a fixed level about' 40 per cent below nor- 
mal. It can be elevated with relative precision by intravenous injections of 
thyroxin, rising after a latent period of 12 hours 3 per cent for each 1.0 mg. ad- 
ministered. In cases of thyroid intoxication, whether due to exophthalmic goiter 
or toxic adenoma, the B.M.R. is elevated (-f- 25 per cent to -f- 100 per cent), the 
degree of increase being proportional to the acuteness and severity of the disease. 
Repeated estimations of the B.M.R. afford the best single means of determining 
the results of treatment and the optimum time for operation. 


Fever from any cause results in an elevation of the basal metabolic rate of a out 
per cent for each degree F. (13 per cent for 1* C). Elevation of the BJvl.R « 
seen in leukemia in the active stages, in many cases of polycythemia, in some cases 
pernicious anemia, in some cases of pituitary disease with hyperplasia o e 
lobe, and after the administration of certain drugs, particularly cpinep rut, cp 
dimtrophenol and (in less degree) caffeine. . to 

Mild degrees of hypothyroidism characterized by asthenia, easy fatigu , 
cold, bradycardia, and constipation, with a B.M R. of —15 per ^ 

common They arc usually benefited by the administration d .*1™+” ^ „ m , 
ficient to raise the rate moderately toward the normal. A modem J a|so m , fc „ 
mon m malnutrition and cachexia from any £ +” 5mm „nd’s disease), 

cases of obesity, in hypopmutary conditions {Frohbch s syndr , 


THE ENDOCRINE GLANDS 881 

m some cases of Addison’s disease, in “nephrosis," and in some psychoses accompanied 
by markedly apathetic depressed states. 

• th who show a B M R. substantially 

• ■ ■ ■ he usual normal by treatment or by 

■ . an. They are peculiar in that their 

Reed's Formula In individuals with no abnormality of the cardiovascular system the 
resting pulse rate is usually proportional to the B.M R. Reed has suggested the following 
formula for calculating the B M R from the pulse rate and pulse pressure. 

B.M R. = 0685 (Pulse rate + 0.9 Pulse pressure) — 71 5 

Example: Pulse rate 100 Pulse pressure 70 (150 — £0) 

B M.R. = 0685(100 + 09 X 70) — 71 5 
= +39 8 per cent 

Reed reported that the error was less than 10 per cent in 60 per cent of the cases and 
less than 2Q per cent in 90 per cent of the cases. 

Pregnancy Test 

Aschheim-Zondek Test, This is not a direct test for pregnancy, but for the anterior 
pituitary like gonadotropic hormone (prolan) which is present in the urine in large 
amounts during pregnancy It is so arranged quantitatively that the (usually) small 
amounts present in other conditions arc not rc\caicd 

Procedure Five infantile mice from three to four weeks old and weighing 6 to 8 Cm. 
arc each given subcutaneous injections of 0 5 ml. of urine twice daily for three consecu- 
tive days If the urine is toxic for the mice, this difficulty ran sometimes be remedied by 
extraction with ether About 96 hours after the first injection the mice are killed and the 
ovaries arc examined with a hand lens for. 

Reaction 1 Enlarged follicles. 

Reaction 2 Hemorrhages into the follicles (Blutpunktc) 

Reaction 3 Corpora lutca 

The occurrence of Reaction 1 only is suggestive, and the test should be repeated. Rcac- 
Uon 2 or 3 is dt finitely positive. Occasionally positive reactions may be evident after 
60 hours Aschhnm and Zondek reported 99 5 per cent negative rcacUons in 1075 non- 
pregnant individuals, and 93 per cent posiuve reactions in 925 eases of pregnancy Later 
Work by many diilcrcnt investigators fully confirms their results and indicates dial the 
error docs not exceed 2 per cent. 

+ + + + 
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<>!■*•« pliuinjrjjih Rabbit wjiio Natural mt Cron appearance of ponlne tr it «f I. 2, 3, and 3 
*!a»« <Juf an<J >,! negirne leu < Slier A. M Y«u-g. from / Ct'tit t f,J \ 


b8z examinations OF body fluids and organs 

° f ; -* —* ** 



Rabbit ovary. Corpus luteum of 48 hours’ duration 
showing proliferation of capillaries. (Photomicrograph, 
high power.) (After A M Young, from / Lab. Clin. 
Med ) 


kilograms (2) Isolate in individual cages. (3) Under morphine anesthesia gf- 
intravenously) open the abdomen and inspect the ovaries, selecting animals with well- 
developed follicles but without corpora haemorrhagica or corpora lutea (4) Secure a 
specimen of urine voided in the morning with a specific gravity of at least 1.015. “ 
necessary restrict fluids the previous day to secure the needed concentration. Filter dear, 
warm to body temperature, and slowly inject 15 ml. intravenously. Repeat the injection 
after four hours. (5) After 43 hours again inspect the ovaries If they appear positiveon 
gross inspection, remove one ovary and examine microscopically a frozen section. T e 
presence of lutein tissue and some hemorrhage in one or more follicles constitutes a 
positive reaction. (6) If the ovaries appear normal, a tentative negative report may c 
made. Close the abdomen and inject as a control 15 ml of know n positive unne (or a 
suitable concentrate). (7) After 48 hours again inspect the ovanes If corpora haem- 
orrhagica are present, indicating that the animal was capable of a normal response, 
reaction (in ( 6 ) | may be regarded as definitely negative. 
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I£ it ts not possible to prepare sections, the ovaries should be inspected again on the 
fifth or sixth day. if positive, corpora lutea will then be unmistakable in gross. If the 
urine is toxic for the rabbits, the hormone may be concentrated by adding to CO mi. of 
u«ne, 5 volumes of 95 per cent alcohol. Centrifuge in large tubes, decant, and dissolve the 
precipitate in a few ml distilled water. Extract for 15 minutes with 3 volumes of ether, 
aerate to remove the ether, and inject the aqueous solution (volume of about 10 ml.) 
slowly into the vein 

If the preliminary inspection of the ovaries is carried out, the initial period of isolation 
of die rabbits may be shortened or omitted, although Young found 20 per cent of her 



Rablni ovary Positive test showing folliclei of 21 
li<w» and of it days' duration (Carpus hjcmorrfug- 
Kum and corpus luirum > (Ph.,l,.fnini.^ijpb, low 
power ) (After \ M Young. f»<»m f L*l>. Chn Sled > 

•lock animals unsuitable Animals usually may be used a second time if they arc Isolated 
at least a month after the first test. 

by the u‘c of these precautions errors due m individual variations in the lest animals 
are practically eliminated In her senes Young reported one false negative tn 96 cases 
of pregnane), and 4 false positive* tn 135 n impregnate individuals, three of whom had 
teratoma in us tumor* of the ovary or testis. The test, therefore, compare* favorably in 
accuracy with die original Atdihcun Zondek method. 

The reaction usually become* positive within a feu day* after the fir*t missed 
menstrual period. Positive reaction* have been reported 10 to 16 day* after con- 
ception before a period ha* been mused. The reaction become* negative within 
a week after dehsety unless membrane* arc retained. It is positive m ectopic 
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pregnancy as long as intact chorionic villi arc present. Disappearance of a positive 
reaction usually means death of the fetus. * 

Positive reactions arc regularly found in eases of hydatidiform mole, c horio- 
nepithelioma, and teratomas containing chorionic epithelium in both men and 
women. The reaction becomes negative quickly after removal of the tumor. The 
persistence or reappearance of a positive reaction indicates incomplete removal or 
recurrence. 

Frog Test. Bellerby (193-1) reported that the South African clawed frog 
(Xenopus laevis) may be used as a test animal to detect the ovary-stimulating 
hormones present in the urine during pregnancy. The females carry eggs 
throughout the year but extrude them only after mating or after injections of 
material containing these hormones. 


The females must be isolated from the males. Five frogs may be kept in a lG-gallcn 
aquarium containing water to a depth of 3 inches. They should be in a well-lighted 
room, at a temperature between 20* and 25* C., and the water must be kept clean. They 
may be fed strips of raw heart or liver twice a week. They should not be fed for 24 
hours belore use Frogs may be used repeatedly if ghen a rest of a week following a 
negauve reaction and preferably a month following a positive reaction. It is preferable 
to use frogs which have reacted positively, or to repeat die test with such an animal if 
a negative reaction is obtained with a new frog. 

Test Obtain a fresh 4-ouncc specimen of urine, preferably a first morning voiding. 
Uimealtd fresh urine can be used, but better results are obtained by concentration 
(Wcisman, et al, 1942). To SO ml. urine, acidified to litmus with acetic acid if neces- 
sary, add 160 ml acetone and let stand 15 minutes. Centrifuge and discard the 
supernatant fluid, (The acetone can be recovered by disu'llation ) Wash the precipitate 
twice with 20 nil ether and dry it thoroughly. Suspend the precipitate in 2 ml. water, 
and centrifuge Just before use decant the clear fluid, and bring the pH to 5.5 with 


10 per cent sulfosahcylic acid, using mtrazinc paper as indicator. 

Inject 1 ml. of the clear fluid into the dorsal lymph $3C of one (or each of two) 
frogs. Using a long slender hypodermic needle, insert the tip under the skin of the 
dorsal surface of the left thigh, ancf keeping the point just beneath the skin, push it 
forward and inward till it reaches the midhne above the cloacal fold. It may then be 
forced forward into the lymph sac, taking care not to puncture the lung. Inject the 


material and withdraw the needle. 

Put the frogs into individual 2-gallon containers with 3 inches of water in the bottom 
and provided with a one-half inch mesh wire screen raised 1 inch above the bottom o 
the container to prevent the frogs from eating the ova. Inspect at intervals from 4 to 1 
hours after the injection. In the case of a positive reaction, the frog usually deposits 
large numbers of ova easily seen macroscopically within nine hours and often within s« 
hours. If none arc deposited within 18 hours, the test is negauve. Before being used again, 
the wire screen should be heated in a free flame to bum off any ova adhering to i 


Available reports indicate that if the test is properly performed, the error does 
not exceed 2 per cent. It appears, therefore, to be fully equal m reliability to c 
preceding methods in which mice or rabbits arc employed. It is perhaps a Jit 
more sensitive, and is far superior in simplicity, economy and the speed vn 
which the result can be obtained. All of these tests may give positive reactio 
in certain relatively uncommon conditions other than pregnancy, m vvtucti tn 
anterior pituitary hormones arc increased. 



CHAPTER -H 


Vitamins as Specific Food Factors Their Nutritional 
Significance and Deficiency Effects 


Considerable attention has been given to man's requirements for specific dietary 
essentials. The recommended daily allowances of the National Research Council 
provide considerable margin of safety, develop nutritional reserves, and obviate 
any possibility of malnutrition 

Lord Hordcr* has pointed out that considerable overemphasis has been placed 
on “balanced" diets and the need for specified daily vitamin intakes. Platt, 3 Dann,* 
and Keeton and Mitchell* have corroborated this, and feel that the need for 
specific amounts of the dietary essentials is open to question. 

Specific avitaminoses arc clinically rare and generally result from long periods 
of deficit. Certain methods of diagnosing avitaminoses have recently been ques- 
tioned and evaluation of dietary effects requires much care.* Recent reports indi- 
cate no close correlation between dark, adaptation of adults and vitamin A,® and 
it is difficult to improve the dark adaptation of subjects poor in this respect with 
even huge doses of vitamin A Gingivitis, often attributed to scurvy, is more often 
not related to this disease’, beriberi will not appear for months in subjects with 
decreased thiamin intakes if they arc initially saturated.* The vascularity of the 
cornea occurring in rats deprived of riboflavin docs not occur in monkeys; they 
develop a patchy dermatitis instead.* In man sufficient data arc accumulating to 
show ihat corneal vascular lesions arc rarely the result of ariboflavinosis,’ 0 Cheilosis 
tnay sometime* be due to riboflavin deficiency, but there arc many other causes 
for ii. Research i* still needed to determine classical clinical symptoms for a 
dear diagnosis of some of the avitaminoses. 

It has been shown, furthermore, that the requirement for any one nutrient i* 
dependent on the presence of other* 1 ' with respect to “metabolic mixture.” The 
inter relationships of nutrients and individual needs which depend upon en- 
vironment and function complicate the interpretation of nutritional surveys. 

The question of hulk in the diet i* of importance from the point of view of 
weight control as well a* in us effect on intestinal hiosis and motility. The main- 
tenance of beneficial intestinal bacteria capable of synthesizing folic and panto- 
ihcnic acids 1* of impuiuncc especially as these bacteria further synthesize a por- 
tion u{ the nucin, riboflavin, and thumin requirement*. 

Vitamins 

Use vitamins «>r accessory food factors in a nutrient program can, m view of 
the rapid advance in our knowledge of chemistry, be classed a* pharmacologic 
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substances. From unknown dietary constituents vitamins have evolved into 
definite chemical entities with marked physiologic and therapeutic activity. 
They function as parts of enzyme systems (B„ B 2 , niacin and ascorbic acid); in 
the regulation of metabolism of certain minerals (vitamin D); or in the consti- 
tution of certain protein complexes (vitamin A. in rhodopsin). Considered as 
such they can conveniently be classified as drugs. This is especially significant 
when we consider the fact that body economy is supported to a great degree, all 
things being equal, by adequate vitamin intake. Such vitamin consumption can 
be regarded as a maintenance Jose. On the other hand, if a marked deficiency 
exists, or for other reasons large doses arc to be administered, these can be re- 
garded as curative and therapeutic doses. 

The indiscriminate use of vitamins is to be deplored, as there is no clcar-cot 
evidence which indicates that the vitamins are of therapeutic value in diseases 
uncomplicated by vitamin deficiencies. The current exaggerated interest in vita- 
mins has produced remarkably little acceptable evidence for their clinical value 
except in conditions of definite avitaminosis. There is, on the other hand, a 
dangerous tendency to apply vitamins to the treatment of undiagnosed complaints 
having their counterpart in frank deficiency disease. Many of the associated 
symptoms in patients — weakness, muscle pain, anorexia, constipation or diarrhea, 
fatigue — have their analogues in certain true vitamin deficiencies, but similar 
therapy on this ground alone is unwarranted. Regardless of nutritional require- 
ments in normal metabolism, in the pharmacologic use of vitamins a therapeutic 
result is desired. In short, therapy is instituted with a drug, in this case a vitamin, 
for some specific need. On this basis it is obvious that diagnosis is essential and 
that if deficiency disease is present vitamin therapy is indicated. It is well to bear 
in mind that in the majority of instances the vitamin deficiency syndrome is the 
result of a lack of several vitamins. This makes for the bizarre clinical syndromes 
too often seen in undernourished peoples. Thus the salient deficiency is noted and 
treated intensively, other vitamins and nutrients are given also as a supportne 
measure, 


Vitamin A: Antixerophthalmm, Antiverosis, Antikeratomalacia 
Xerophthalmia and keratomalacia are probably late developments of vitamin A 
deficiency. Symptoms occur with greater ease in children than in adults. In act, 
vitamin A deficiency of adult's has never been adequately studied and many 
lesions described are presumably old ones and are irreversible. Tbe body reserve^ 
of vitamin A are extraordinary, and extreme dietary deficiency is usua y i incons^ 
queotial in provoking symptoms specific for deprivation of this vitamin. 
there are certain pathologic conditions, superimposed on a bac groun 
vitamin A intake, where absorption is poor and where liver damage may 
Thus certain symptoms of avitaminosis A can occur in liver disease an 5 . ai ™ ^ 
and it may even be related to a faulty metabolism in the conversion o > ^ 

carotenes to vitamin A- Mineral oil furthermore interferes with r e a s 
carotene and diarrheas of all types, especially steatorrhea, promote t e 
vitamin in the feces. 
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CH a ^CH, 

SCI! =* CH — C =« CH — CH = CH — C =* CHCH.OH 


CH, 


CH 3 


Where there arc signs of vitamin A deficiency (hyperkeratosis and other 
epithelial changes) the question of dosage js a real one. Doses of 50,000 to 300,000 
units are of no greater \alue than doses of 15,000 units. It is well to hear in mind 
that the processes of tissue repair arc slow and are not enhanced by increasing 
the dosage. A daily supplement of 15,000 units has been found to he as effective 
as much larger doses in children with vitamin A deficiency. 

International Until 

Average daily requirements m children (empirical) 3000 to 6000 

Average daily requirements in adults is unknown (empirical) 20QQ to 4000 

During pregnancy and lactation (empirical) 4000 to 7000 


Claims for vitamin A in the treatment of color blindness arc denied, and the 
dark-adaptation test for vitamin A deficiency becomes increasingly untrustworthy. 
The presence of Bitot's spots may be the result of an early vitamin A deficiency 
to which superimposed effects (sunshine, wind, etc ) are contributory. 

Sources: 


Carrots (raw) per ounce 

Hmter 

Cheese 

Eggs “ 

User 

Milk " “ 

Spinach 


International Untti 
1000 
600 
1000 
1000 
3000 
29-183 
3000 


Pharmaceutical preparations: 

Halibut liver oil 
Cod Iixcr oil (refined) 

Cod liver oil (crude) 

Cod liver oil (concentrated) 
I’crcomorph liver oil 
Shark liver oil 


USJ* UniU per Gni 
4-1,800 
1,800 
850 

14.000 to 00.000 

60.000 
16,500 


Pathology in Avitaminosis A. The primary lesion in vitamin A deficiency 
consists of a metaplasia of the ectodermal structures with a transformation of 
the normal epithelium into stratified keratinized epithelium. This process in- 
volves the eye, the lacrimal glands, the salivary glands, the mouth and throat, parts 
of the respiratory tract (larynx, trachea, bronchi), the gastrointestinal tract, the 
genitourinary tract, and even the skin, which may Income dry, scaly, shriveled, 
and pigmented. 

Thu change in the epithelium is asvoctaicd with a narked lowering of the l«al 
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resistance to the penetration of microorganisms into the tissues, and the patients 
become peculiarly susceptible to respiratory, urinary tract, and other infections. 
It is still controversial whether there is in addition a lowering of the general de- 
fensive forces of the body. 

In experimental animal# vitamin A deficiency often leads to the formation of 
renal calculi anti sometimes deposition of calcium in the renal tubules. There is, 
however, no direct evidence that this is concerned in the formation of urinary 
calculi in man. Sterility also occurs in experimental animals and is due to per- 
sistcncc of cornificd vaginal cells which interfere with implantation. In young 
puppies vitamin A deficiency causes degeneration of the spinal cord characterized 
by demyelinization of the nerve fibers. It has been shown also that vitamin A will 
neutralize the neurotoxin of ergot. These facts have suggested to some that a 
deficiency in A plays a part in ergotism, hthyrism, pellagra, and even in per- 
nicious anemia and disseminated sclerosis. 


Thiamin 

The continued deprivation of thiamin (vitamin B,) produces in man anorexia, 
cachexia, fatigue states, muscle pains (peripheral neuritis is questioned in true 
thiamin deficiency), changes in the central nervous system (Wernicke’s disease), 
and cardiologic disturbances. Weakness in the legs may be of polyneuritic origin 
(in the case of the pig, cat, 3nd rat the polyneuritis is a pyridoxin deficiency 
disease) or it may be muscle weakness, tenderness, and associated footdrop. Beri- 
beri must be regarded as a constitutional disease with changes in carbohydrate 
metabolism and weakness; the concomitant lesions may be secondary in charac- 
ter to biochemic abnormalities. The disease may be precipitated in severe form 
when high caloric diets are introduced or when certain other specific food factors 


N = C — NH 3 HC1 

Cl 

I ! 

CH.C C — CH.. — N — C — CH, 


N — CH Hi C^C — CH, — CH.OH 

S 


Thiamin hydrochloride 

A chrome deprivation of thiamin in man and experimental animals 
cardiac disturbances. There is a dilatation of the right side of the heart 
responds dramatically, to thiamin administration. This does not mean 
patients with right-sided heart failure should be given therapeutic os 
min but only those in whom clinical evidence of beriberi exists. 
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The average daily intake of thiamin seems to be fairly well established on the 
basis of human experimentation. A constant intake of 0.4 mg. or more docs not 
lead to deficiency symptoms. Below th;s level in certain individuals symptoms 
have occurred, but in others they did not manifest themselves (intestinal bac- 
terial synthesis) until sulfaguanidme was administered. However, it may be 
wise to recommend more than this amount daily, since diets fluctuate con- 
siderably and 0.4 to 1.0 mg. of thiamin would obviously be adequate. Thcrapcuti- 
cally in beriberi 20 to 50 mg. daily is followed by prompt and dramatic relief. It 
is at once noted that many foods arc rich in thiamin, and the average diet usually 
contains an excess. The following values are given per ounce and are approxi- 
mate since the same foods have a tendency to vary considerably. One mg. of 
thiamin is equal to 333 International Units. Thus 10 ounces of meat contain more 
than the daily requirements. 

' Sources: 


International Units 

Liver, beef, per ounce ... 43 

Milk, malted “ . . 50 

Butter " " 12 

Peanuts •* .60 

Wheat germ * “ 203 

Yeast M “ 42 to 420 

Almonds ' “ 24 


Clinical Picture in Avitaminosis B,. The period of development of symptoms 
is three months or more after the beginning of the inadequate diet and varies 
markedly with different individuals. There arc two clinical types of beriberi’ (1) 
dry and paraplegic and (2) wet or dropsical, but this distinction is an artificial 
one, for many of the cases present features of both types during the course of 
the disease. In the former type the patient complains first of muscular weakness 
and numbness, especially in the legs, and of a sense of fullness and tenderness 
in the epigastrium. Cardiac palpitation and dyspnea follow the least exertion. 
The patellar reflex is at first hyperactive, hut disappears within a week or two. 
Hyperesthesia of the calf muscles and blunting of sensation in the hands and feet 
become noticeable. There is frequently edema over the tibiae and patchy areas 
of edema may occur anywhere in the body I^atcr footdrop, wristdrop, general 
muscular atrophy, and paralysis may appear. Paraplegic patients frequently show 
the characteristic tripod gait. Leaning forward on a canc with the legs apart, 
they resemble a tripod. With each step the feet arc lifted high and swung out- 
ward to avoid scraping the toes These patients may show a positive reaction to 
the stalled “jongkok" lest, inability to rise from a squalling position with the 
hands held over the head, fn severe caves the paralysis may extend to the 
diaphragm and intercostal muscles, 

live wet type of beriberi is characterized by a marked dilatation of the heart, 
particularly of the right side, ami general edema and effusions into the serous 
cavities. The blood pressure is always low, particularly the diastolic pressure, with a 



890 


EXAMINATIONS OF BODY FLUIDS AND ORGANS 

corresponding increase in the pulse pressure. Tachycardia occurs after the slightest 
exertion. The normal rhythm of the heart is replaced by the equal spacing o£ 
embryocardia, and systolic murmurs, due to incompctency of the valves, especially 
the tricuspid, are audible. Sudden death from failure of the right side of 
the heart is frequent in these cases and may occur in any type of beriberi. 
This is commonly called “shoshin” and may occur within a few hours after the 
onset of symptoms. Vomiting is uncommon, but when it occurs, the prognosis 
is bad. 

Minot et al. (1933) have advanced evidence that a deficiency in vitamin is 
the cause of alcoholic polyneuritis, either from a limited intake of food or a lack 
of absorption by a damaged gastrointestinal tract. They report cure of the 
neuritis by the administration of large amounts of B complex orally and 
parenterally, even in patients who continue to receive the quantity of alcohol to 
which they were accustomed. 

Excessive amounts of carbohydrate or fat in the diet increase the need for B l 
and may result in the development of symptoms of beriberi. 

Ship beriberi is a disease resembling typical beriberi, which was prevalent 
among the crews of ships on long voyages. It was particularly common on the 
Scandinavian ships. The main features are edema of the legs, dyspnea, cardiac 
palpitation, and occasionally death from dilatation of the heart The chief dif- 
ference between the two diseases lies in the absence of any manifestations of 
peripheral neuritis. Nocht noted sore gums and hemorrhages in the muscles in 
a few cases and considers that the disease is closely related to scurvy, particularly 
to the condition known as Rand scurvy. 

It is quite probable that ship beriberi and other atypical forms of henberi may 
be due to diets which are deficient not only in the antincuritic vitamin but also 
in other vitamins and perhaps in essential minerals. 

Riboflavin 

Although riboflavin deficiency exhibits fairly clear-cut findings^in experimental 
animals, the lesions in man are not well defined. In the rat there is a marked 
proliferation of the circumcorneal vessels, and changes in the skin and hairj growth 
is affected. In the monkey the circumcorneal vessels are not modified particularly, 
a patchy dermatitis results instead. It may be that the symptoms and lesions vary 
somewhat in different animal species- It is quite true that the occasional pro- 
liferative vascularitis of the cornea seen in man rarely responds to riboflavin 
medication. The lesions may be old ones derived in childhood or they may c 
due to the effects of sun and wind or all three. Cheilosis of the lip margins is 
more often due to malocclusion but may in certain cases be associated wi ^ an o- 
flavinosis. The mechanism by which a vitamin deficiency predisposes a tissue to 

environmental or internal factors is as yet unknown. 

The exact riboflavin requirements for man are unknown. Evi ence tom ex 
cretion tests (although of no clinical value) would indicate that somew ere c 
tween 0.5 to I mg. of riboflavin can be utilized on a daily basis. 
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Eggs, 5 east, milk, liver anti certain meats are rich sources of riboflavin. Ribo- 
flavin (N.N.R.): 1 mg. per 2 ml. of a 10 per cent urea solution; tablets I and 5 mg. 



Niacin (Nicotinic Acid) 

Niacin deficiency induces the fauly well-recognized symptom complex, pellagra 
In the experimental animal, niacin deficiency produces black tongue, dermatitis, 
and gastrointestinal lesions in dog* Its biochcmic function is probably that of 
cozymase, a part of an oxidation enzyme. In man early clinicians recognized the 
three "Ds” of pellagra: dermatitis, diarrhea, and dementia. In advanced cases 
the combination of the three major symptom* is often found. Howes cr, today 
dermatitis and stomatitis arc the more common findings. 

The most characteristic feature is the skin eruption. Symmetrical scaly patches 
of erythema resembling sunburn appear suddenly on the most exposed (or irri- 
tated) parts of the skin. The commonest sites arc the backs of the hands and 
wrists, often with a narrow band extending across the palmar surface of the 
wrist joint; the bridge of the nose; the neck, where the eruption often resembles 
a collar; and occasionally on the dorsum of the feet, and on the scrotum or female 
genitals. Exposure to sunlight aggravates the burning and itching and sometimes 
seems to precipitate the outbreak The patches arc erythematous in Caucasians, 
blackish or purplish in Negroes, and sepia in the olive-skinned races. In severe 
cases there may be vesteulatton and the development of a moist eczematous con- 
dition, I’ctcchtac on the affected parts arc common. The eruption usually sub- 
sides after about a fortnight 

In rare eases the disease runs an acme course and death may occur within a few 
weeks. Usually symptoms abate m two or three months, but recur the next 
spring in a more severe form. If nor treated this may continue for 10 or IS years 
before death ensues In such chrome casts emacaation becomes extreme. Serious 
psychoses may develop, characterized by depression, a tendency to suicide, de- 
lusions, confusion, and general mental deterioration. Combined sclerosis of the 
ipmal cord is common, with ataxia, spasticity, weakness or paralysis, and in- 
continence. There is usually a subacidity or achlorhydria and often an anemia, 
usually hypochromic in type. 

The prognosis it good, except for the ageJ, if the patient it treated early, be- 
fore the central nervous system is involved. If is unfavorable in very acute, stupor* 
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ous, or advanced cases. Usually in pellagra (here is a deficiency of other vitamins 
os well. In fact there appears to be evidence that pellagra manifestations may be 
due to the lack of specific substances other than niacin and that although niacin 
deprivation may be responsible for inducing some of the major pathologic changes, 
its absence also induces tissue biochemic changes wherein a more complex genera! 
avitaminosis alters the end result. Pellagrins often respond to diets of milk and 
eggs (not especially high in niacin) if they are at bed rest; it is best to treat the 
pellagrin not only with niacin hut with other members of the B complex and 
with adequate nutrition. 

COOH 


Niacin (nicotinic acid) 

There is some experimental evidence with dogs that diet may influence niacin 
requirements, and the frequent association of pellagra with malaria has suggested 
that this disease may alter niacin needs. The dramatic response of pellagrin de- 
mentia to niacin has led to the misuse of the vitamin in nonpcllagrin dementia. 
Both tropical and nontropical sprue are somewhat benefited by niacin, but com- 
plete recovery requires Jiver extract or folic acid. The presumed amount of niacin 
required daily by the human subject is from 10 to 15 mg In the treatment of niacin 
deficiency disease 50 mg. can be given, orally, 5 to 6 times daily. It is available in 
solution (35 mg in 5 ml.) and in tablets (10 mg.). Meat, pulses, butter, certain 
vegetables and fruits are rich in niacin. 

Vitamin C (Ascorbic Acip and Dehydroascorbic Acid) 

Vitamin C deficiency results in scurvy. This disease is characterized by defective 
collagen formation (intercellular cementum) with weakening of tissue structures. 
The defective walls of capillaries and the larger blood vessels succumb easily to 
trauma and bleeding occurs. Thus the disease is characterized by hemorrhagic 
processes. The first symptoms of scurvy can be characterized by a prodromal 
period of a few weeks of lassitude, fatigue, and irritability followed by. pen: 
follicular hemorrhages, then more generalized ones involving periosteum, joints, 
and viscera. The hemorrhages of periosteum and joints occur chiefly in those 
areas which are subjected to greater stress and strain or are easily bruised. « 
hemorrhages of the viscera occur chiefly in those portions of the bowel whic arc 
most active. For some peculiar reason the adrenals are hemorrhagic and swo cn. 
Late in the disease the gums become swollen 3nd hemorrhagic. The appearance 
of gum lesions is dependent on trauma induced by mastication and a variety o 

accessory factors. _ . - 

The maintenance dose of vitamin C to protect human beings against scurvy 
tween 18 and 25 mg. of the vitamin daily. If large quantities of the Vit3mm 
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consumed, however, a period of protection of from four to five months occurs if 
the subject is on a vitamin C-free diet. Thus sporadic large intakes followed by 
intermittent intakes are sufficient to present scurvy. No condition other than 
scurvy can be associated with vitamin C deficiency, and excess amounts of the 
vitamin do not increase wound healing in the nonscorbutic subject. In the scor- 
butic subject 1 Gm. of the vitamin should be given daily in divided doses. 
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1-ascorlnc acid 


dch>droascorbic acid 


Vitamin C 


Vitamin D 

The fat-soluble vitamin D is concerned with calcium and phosphorus metab- 
olism and acid-base equilibrium. A deficiency of vitamin D is characterized by 
rickets in the growing animal; poor growth results, osteoporosis manifests itself, 
and bony changes occur Vitamin D deficiency in adults is relatively unknown 
and the process in this stage is poorly understood. Osteoporosis may result from 
steatorrhea but the mechanism is uncertain. At any rate, large doses of vitamin D 
Kem beneficial in nutritional as well as in war osteomalacia. Increased calcifica- 
tion lus been reported in old people on high intakes of calcium and vitamin D, 
and it may be that the vitamin has pharmacologic effects bejond its ordinary 
Vitamin activity. 

Tlie exact human adult requirements of vitamin D arc unknown hut it is as- 
sumed tlui some is needed. In the growing child the need for the vitamin is a real 
one, for if it is deprived, rickets with taclntic rosary, cramotabct, bowlegs, spasmo- 
philia, infantile tetany, osteomalacia, osteoporosis, and dental caries may result. 

I kmc Changes in Avitaminosis D. 'Hie skull and the ribs ate the first bony 
structures to show changes. During the fourth and fifth months the fiat lionet of 
ihc skull arc thin and solt (cumoubes); later the) show irregular thickenings 



894 examinations of bodv fluids and organs 

Z ar, apt to become deformed-bowlegs, knockknees, “Lt-shim, etc Dfer 
the child starts to walk. 3IICr 



activated 7-dchydrocholcsterol 
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activated ergosterol or calciferol 

The affected bones show characteristic chemical and anatomic changes. The 
inorganic matter, as measured by the total ash content, is greatly reduced, even to 
50 per cent m severe cases. Even when the reduction in the total quantity of 
calcium and phosphorus is marked, however, the ratio between them remains the 
same as in normal bone. The histologic picture is characteristic. The zone of pro- 
visional calcification at the junction of the epiphysis and diaphysis is absent, and 
(he zone of proliferative cartilage is wide and irregular (the rachitic metaphysis). 
Blood vessels from the shaft penetrate into the latter zone and absorb the 
cartilage in scattered spots, and the orderly arrangement of the cartilage cells is 
completely destroyed. There is a compensatory overgrowth of uncalcificd osteoid 
tissue m masses along the shaft and at the ends of the bones, giving rise to the 
visible enlargements. These changes are pathognomonic of rickets, and their 
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demonstration by roentgenograms is an important point in the diagnosis of early 
cases. During convalescence the histologic picture returns to normal, and calcium 
salts are gradually deposited in an even, narrow line in the zone of provisional 
calcification. The McCollum-Shtplcy "line test” used in the assay of vitamin 
p*r n aratinnv is based upon the appearance of this zone after immersion of a 
1 ", ■ f ' ■ ’■ ■■ T* , e smallest 

. . . . rachitic 

rat within a given period (10 days) is taken as i unit. 

Treatment. However, vitamin D dosage should be controlled, since excessive 
amounts result in pathologic calcification and other toxic effects. In fact, the in- 
fant dosage should not exceed 600 units daily since recent reports indicate dif- 
ficulties when 1800 units arc administered on a daily basis. It is well established 
that 400 units daily will prevent rickets In treating rickets, however, large doses 
arc initially required, even 300.000 units or more 

Average daily requirements as recommended: 


Infants 

Children 

Adults 

Lactation pregnancy 


USP. Units 
400 to 600 
300 to GOO 
300 to m 

coo u> m 


Preparations: 

• US P Units per Cm. 

Cod liver oil (U.S P.) preparations vary 85 to 350 

Halibut liver oil (N.N.H ) 8,500 

Activated crgosterol (Vtnsterol) 10,000 

Rickets. Rickets is caused by a disturbance of the metabolism of calcium and 
phosphorus due to a deficiency of vitamin P. Ca, 3’, vitamin P, and parathyroid 
hormone arc all essential for the mineralization of normal bone, but the exact 
part played by each and their precise relationships to one another arc not known. 
The action of parathyroid hormone in maintaining the level of calcium and phos- 
phorus in the blood has been discussed in the chapters on blood chemistry. It 
is generally believed that vitamin P act* by promoting the absorption of calcium 
and phosphorus or by regulating their excretion by the intestinal tract and kid- 
ney. The development of the disease depend* also to some extent upon the ratio 
of calcium to phosphorus in the diet. If the phosphorus intake is low, absorption 
is blocked by the formation of calcium phosphate in the intestine (provided the 
supply of vitamin D is limited), and the disease can he cured in some cases 
simply by restoring the normal balance between them (two parti of calcium to 
one of phosphorus). 

Some authorities believe that vitamin P acts by stimulating the parathyroids. 
Compensatory hyperplasia of the parath)rutds has been described In rickets and 
also in miconutacu. and Hamilton and Schwartz have reported an excess of 
parathyroid hormone in the blood of rachitic infants. The blood phosphatase 
ttgteatly increased. 
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In most cases of rickets the phosphorus content of the blood is reduced (below 
3 mg.) and the calcium is approximately normal. Less frequently the calcium is 
reduced and the' phosphorus normal, the so-called “low calcium rickets” If either 
element is deficient in the blood, normal deposition of calcium phosphate in 
the osteoid tissue does not occur. Howland has pointed out that when the 
product of the calcium content of the blood in milligrams multiplied by that of 
the phosphorus, the “solubility product constant,” is below 30, rickets is invariably 
present, and it is usually present when the figure is 40 or less. The low calcium 
cases may be complicated by tetany. The amount of calcium and phosphorus in 
the feces is high, and that excreted in the urine is low. 

Administration of vitamin D restores the quantity of calcium and phosphorus 
in the blood to normal and increases the amount excreted in the urine. It relieves 
tetany, if this is present. Tetany is also relieved by the administration of para- 
thyroid hormone, but this does not cure the rickets. 


Vitamin K 

Vitamin K at the present moment finds its sole therapeutic use in the treatment 
and prevention of hypoprothrombincmia. A suggested classification of the clini- 
cal conditions in which hypoprothrombincmia in man may occur is therefore 
presented in Table 82. It will be observed that three mechanisms exist by which 
prothrombin deficiency may be produced: (I) nutritional deficiency of vitamin K, 
lack of production by the intestinal bacterial flora, and failure of absorption of 
the vitamin; (2) failure of production of prothrombin by the liver; and (3) in- 
creased destruction or utilization of prothrombin. 

The hypoprothrombincmia of hemorrhagic disease of the newborn is in all 
probability consequent upon the initial sterility of the gastrointestinal tract. This 
hemorrhagic disorder has now been successfully treated with vitamin k and pre- 
vented by the administration of this factor. It is of interest to note that Castle in 
1938, correlating the observation that hemorrhagic disease of the newborn was 
due to a prothrombin deficiency and the observations of Dam, correctly prcdkte 
the eventual successful treatment of this disorder with vitamin k. 

Not infrequently two of the mechanisms leading to hypoprothrombincmia may 
operate simultaneously, as in extrahepatic biliary obstruction and secondary ndt 
injury. Of the defects leading to hypoprothrombinemia presented in Table - 
the most amenable to vitamin K therapy are those in the first main classi cat, ° 
namely, those due to dietary deficiency, failure of manufacture by intestina 
bacterial flora, and failure of absorption of this factor. • i, t ihc 

The exact diagnosis of hypoprothrombinemia cannot be ma c wit ou 

; -i the blood by JaDora- 


demonstration of a diminished prothrombin concentration 


lory means. Several methods foe this determination have been devised, *** j 
not intended to enter into the controversy concerning the resp 

these methods. . v t _ needs, an 

Sources. There are two main sources of vitamin H ° hnls , 

extrinsic source from the diet, most abundant in chlorophyll-conum, g 
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Table 82 

A Classification of Hypoprothrombinemm in Man (Lozner and Kark) 

A. Nutritional Deficiency of Vitamin K 
J. Dietary Deficiency 

(a) Occasional patients with scurvy arid pellagra 

2. Failure of Manufacture of Vitamin K by Intestinal Bacterial Flora 

(a) Hemorrhagic disease of newborn 

(b) Various intestinal disorders fSeeA-3(b)J 

3. Failure of Absorption of Vitamin K 

(a) Due to exclusion of bile from intestine 

(1) Biliary obstruction 

(2) Biliary fistula 

(b) Various intestinal disorders 

(1) Nontropica! sprue 

(2) Ulcerative colitis 
(J) Polyposis 

(4) Regional ileitis 

(5) Fistulas and obstructions 

B. Failure of Production of Prothrombin by Liver 
1. Acute or Subacute Necrosis of the Laver 

2 Cirrhosis of the Liver 

3, Liver Injury Secondary to Lxtrahcpalic Biliary Obstruction 

C. Increased Destruction or Utilization of Prothrombin 

1. fl)pcrp)rexia 

2. Certain Surgical Operations, Particularly Those on Biliary Tract 

and an intrinsic one derived from the bacterial flora of the gastrointestinal tract. 
Dam considers the latter source the mote important for human needs. The vita- 
min K from both plant and bacterial sources is fat-soluble, requiring the presence 
of bile salts for absorption. Recently the chemical structure of both forms has 
been determined and both have been synthesized. Roth arc naphthoquinone 
derivatives. Of great interest and significance has been the discovery that certain 
synthetic analogues of natural vitamin K, particularly 2-mcthyM, 4-naphtho- 
quinone, possess even greater physiologic activity than docs the natural material. 
Certain of these are water-soluble and therefore may be administered by mouth 
without bile salts, or parenteral))- 

An OriuM or Vitamin K Iiurapt 

A. Preparations Available 
L Oral 

(a) Synthetic analogue* 

(1) 2meih)l 1, 4 naphthoquinone 

(b) Naiural concentrates 

(1) AJ/a.fa 

(2) Cereal plants 
2. Parenteral 

(a) Water soluble sjmhetic analogue* 

(1) 2niciliyl 1, 4naphiiu»juin<>ne 3*odiwn sulfonate 

(2) 4 am: no 2 methyl napiithol )i)drochl<>ridc 
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B. Indications 

1. Existent Hypoprothrombinemia 

(a) Bile present in intestinal tract: oral preparations 

(b) Bile absent frdm intestinal tract; oral preparations plus bile salts 

(c) Vomiting, severe intestinal disease, surgical emergency or failure of response 
to oral therapy: parenteral preparations 

2 Latent Hypoprothrombinemia 
(a), (b), and (c). As above 
3. Last week of pregnancy- oral preparations 

C. Dosage 


2. Treatment of latent hypoprothrombinemia 
(a) Synthetic analogues. 1 to 2 mg daily 

3. Last week of pregnancy 

(a) Synthetic analogues: 1 to 2 mg. daily 

D. Toxicity 

I. Synthetic analogues 

(a) 2'incthyl'l, 4-naphthoquinone 

(1) 180 mg. by mouth are the smallest dose that has caused vomiting and por 
phynnuria in adult human beings 

(2) 0.5 Gm. per kilogram by mouth is minimal lethal dose in mice 
2 Natural concentrates 

No toxicity reported 

Vitamin E 

Vitamin E is known as the anttstcrility vitamin. Absence of this vitamin in- 
duces habitual and threatened abortion in cattle. Little is known of this vitamin, 
and there is no clinical evidence for its effectiveness in man. 

Sources: Wheat germ oil; cottonseed oil; rice oil; lettuce; vvhole gram cereals. 

Preparations: Not included in U.S.P. or N.N.R. 

Pantothenic Acid (Vitamin B 3 ) 

Since the symptoms of pantothenic acid deficiency in man are unknown, the 
subject will be briefly discussed. The vitamin appears to be necessary for rats 
and birds. Its lack causes incrustations about the eyes, the corners of the mouth, 
and the areas between the toes. The skin epithelium becomes keratinized an a 
dry slough occurs. Besides dermatitis certain lesions 3re found in the spinal cor , 
characterized by the degeneration of myelinated fibers In rats and mice depri' c 
of the vitamin, a retardation of growth occurs and a symmetrical depigmematton 
of the fur takes place This process has been observed also in foxes ^ ats e \ c 
the so-called “spectacled eye condition.” The vitamin occurs in all types o 
tissues, the liver and kidney being the richest sources; it is present m most p a 

CH 3 

HOCH. — C. CHOH. CO . NH . CH, CH 3 COOH 


Pantothenic acid 
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No International Unit for pantothenic acid has been established, but the yeast 
unit appears to be the most satisfactory According to this test, the increase in 
gross th of yeast following the administration of pantothenic acid is determined 
(Williams and Saunders). 


P\ RiDoxis, Vitamin B„ op Gyorcy 

Vitamin B 0 -avitaminosis in rats causes a specific symmetrical dermatitis called 
acrodynia, which affects the peripheral parts of the body, such as the paws, the 
mouth, the tail, the ears, and the nose, and is accompanied by edema and scali- 
ness. In dogs, rats, and pigs subnormal growth and epileptiform seizures occur 
as well as the dermatitis. The present-day knowledge of vitamin B 6 in human 
beings is limited, and the necessity for a dietary source of the vitamin in man has 
not been proved. So far large doses of the vitamin in man appear to induce a 
sedative effect. 


CH 3 OH. 
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Pyridoxin 

1, 3-h>droxy-4, 5-di(hydroxy-methyl)-2 methyl pyridine 


Vitamin B fl is widely distributed over the entire animal and plant kingdom and 
is chemically bound lo protein and starch. The method of assay is microbiologic, 
using either yeast, bacteria, or rat growth as an index of quantity. The growth 
and production of acid by Strepiobactenum phntarum corresponds to the amount 
of pyridoxin present. One rat unit of pyridoxin, 10y, is defined as the amount 
necessary per day to cure or prevent typical symptoms of avitaminosis (Gy orgy). 


Inositol 

Manifestations of inositol deficiency occur in young mice and rats. These animats re- 
quire inositol fur normal growth and maintenance of hair. Thus white mice on an 
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inositoMrce dirt become completely Irn rfcss. ind a severe dermatitis results. A deficiency 
also tails to the development of fatty livers and cholesterol induced type of ctrrhosis. The 
role or inositol in human economy is unknown. 

The vitamin occurs as a normal cell constituent of practically all plant and animal tis. 
sues; yeasts, molds, and bacteria contain it. 


Para-amioo-bcnzoic Acid (Growth Factor p for Bacteria) 

In the animal organism p-amino benzoic acid counteracts the action of hydroquinonc, 
which, for example, in the cat and in mice causes a graying of the fur. The action of 
sulfonamides m infected mice is also inhibited by the acid. It has a pronounced influence 
on tyrosinase activity, inhibits the oxidative destruction of adrenalin, and blocks the 
action of certain enzymes. A deficiency of /vamino benzoic acid causes a graying of fur 
in the black or piebald rat, a syndrome called “nutritional achromatrichia.'* A retardation 
of growth occurs in the chick. The acid is required as a growth factor for many bacteria, 
and the presence of this vitamin is required in most culture media. 



CO OH 


Para-amino-bcnzoic acid 


The vitamin is widely distributed in most plant and animal tissues, and it is a natural 
constituent of yeast where it is present as a benzoyl derivative. The role of the vitamin 
in human economy is as yet not ascertained. 

Unidentified Vitamin's 

The existence of a special factor (vitamin B«) which prevents Che occurrence of 
paralysis in rats and chicks has been postulated. The vitamin is present in high con- 
centration in yeast, liver, dried grass, wheat germ, pork brain, and pork kidney. 

Vitamin Da- This is probably identical uuh nicotinic acid since the ehiaie containing 
the fraction exhibits all of the biologic e/Fccts of the latter. The vitamin is essential for 
maintaining weight in pigeons, a phenomenon produced by nicotinic acid as well. 

Vitamin Dr (Or vitamin I). Vitamin By is a substance present in nee polishings, 
soluble in methyl and ethyl alcohol, needed by pigeons for protection against specific 
digestive disturbances. 

Adenylic Acid (Vitamin B s ). This vitamin appears to be necessary for certain strains 
of lactic acid bacteria. In pellagrins the acid seems to increase the eiTectiv eness of oictb 

^Vitamin J. If guinea pigs are fed lemon juice, they show a remarkable resistance to 
pneumococcal infection. The factor is nor vitamin C, since the effect is not obtained J 
synthetic vitamin C, paprika, or eye-lens concentrates. The factor for want ot a mo 
definite term is denoted as "vitamin J." 

Vitamins Li and L c . There is postulated the presence of vitamins Li and Ls, access*! 
for normal lactation. The richest source of these vitamins is in liver and yca*fci * 
factor can replace the other, but both are necessary for the maturation of 

Vitamin At. V in M is chiefly found m liver but occurs ,n other IMS ‘“A 
„„ a rt. all of the other dietary factors but lacking this P ar “ t “!" . 

j. . ’ loss of weight, ulceration of the gums and diarrhea. 


T? occurring 


1 resistance to dysentery organisms. , . pr or 

umng in sesame oil and egg yolk but not m co 



VITAMINS AS SPECIFIC FOOD FACTORS 901 

oft\e oil, destroyed by ultraviolet irradiation, protects against thrombocytopenia in man 
and rati. The absence of the factor results in a decrease of blood platelets. 

Folic Acid. In 1941 Mitchell, Snell, and R. J. Williams reported the separation 
o£ a concentrate from spinach to which they gave the name “folic acid" (derived 
from the Latin folium— leaf). It was the active principle for the growth of Strep- 
tococcus lactis U., under specified conditions. It has just recently been crystal- 
lized hut there is a definite indication today that sources of folic acid assayed 
microbiologically may contain more than one nuirilltc since the factor which 
stimulates the growth of S. belts may be different from that which acts on 
L. casei. Thus Snell and Peterson postulated what has come to be called the 
L. casct cluatc factor. A comparison of the cluatc factor from different sources 
reveals the following potencies: 



S. lactis 

L. caset 

Solubilized liver 

100 

100 

Whole hver substance 

... 186 

63 

Grass juice powder 

147 

63 

Dried grass juice powder 

11 

29 


There arc further biologic differences between the factors which indicate that 
L. caset cluatc factor and so-called folic acid arc not identical. Recently Briggs 
and his associates have reported two vitamins B lft and B n necessary for the 
feathering of birds and the growth of chicks and not replaceable by L. casei factor 
although having certain properties in common with reference to bacterial stimu- 
lation. The knuvvn L. caset cluatc factor requirements arc as follows: 

(a) Bacteria for growth: L. caset, Lactobacillus hclvtttcus, Profionbactenum 
pentoseaceum, S. lactis R., Tetanus bacillus. Tetanus toxin. 

(b) Chicks: (or growth and anemia prevention. 

(c) Rats: for growth. 

(d) Guinea pigs, for growth. 

(c) Monkey s. for prevention of leukopenia and anemia. 

(f) Dogs, for prevention of normocytic anemia. 

(g) Relation to human needs unevaluated. 

Considerable experimental work is under way today to determine the role of 
fohe (actors in annual economy. For instance, ih«c vs some evidence to show 
that this factor can obviate sulfonamide anemia in rats and, as such, suggests that 
certain sulfonamides dcitruy gastrointestinal bacteria involved in the synthesis of 
this vitamin. 

Since rats with folic acid deficiency develop agranulocytosis and in some ease* 
anemia which is cured by the administration of folic acid, the agent has been 
tried experimentally in patients with sprue and pernicious anemia. "Five results 
so far reveal a remission of the disease in sprue and a marked reticulocyte anJ 
hemoglobin increase in pernicious anemia, although the neurologic disturbances 
iln not invariably improve. (Sec p. 4 J9.) The vitamin, furthermore, may interfere 
with glutamic acid metabolisms m jxrmcious anemia patients. 

Rohe and has Wen found m lie intimately involved in the nucleic acid 
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metabolism of bacteria. The substitution of small amounts of the pyrimidine, 
thymine (5-mctoyluracil), satisfies the need of bacteria for folic acid. The com- 
pound is so insoluble, however, that large amounts arc needed in man to yield 
the results obtained with folic acid in sprue. More recently introduced water- 
soluble thymine compounds (giucosyl thymine) show but little promise in early 
experimental tests. 


Factor V. Factor U is a growth promoting substance required by chicks and is present 
m yeast, wheat bran, middlings, alfalfa meal, and corn 

Vitamin B t . Vitamin B e occurring in liver appears to be necessary for the chick with 
regard to prevention of decreased erythrocyte count, decreased hemoglobin, and de- 
creased red-cell volume. 

Vitamin B p (Anu'perosis Vitamin). Vitamin is a vitamin present in nansynthede 
diets protecting chicks against hock disease or slipped tendon, twisting and shortening of 
bones 

Special factor in Fresh Grass. The existence of a special factor in fresh grass appears 
to be necessary for the growth of rats and guinea pigs It is found in all fresh greens but 
is present only m small quantities in animal tissues such as Iner and kidney. The factor 
appears to be different from all other known factors and can be precipitated and re- 
moved with acetone from grass juice. It is readily absorbed by animals and is secreted 
into milk. Therefore summer milk of cows contains considerable quantities whereas 
winter milk is practically devoid of it 


Biotin. Bios ill or Miller’s bios lib, adsorbablc on charcoal, was shown by Kogl 
to contain a powerful growth stimulant to which he gave the name “biotin." ft 
was isolated from duck egg yolk but can be extracted from molasses, h)drolyzed 
yeast, commercial sucrose, and other substances, in 1927 Boas described a s)n* 
drome in rats on a diet containing dried raw egg white as a source of protein. 
The syndrome failed to occur when potatoes, milk, or fiver wetc added to the 
diet, and she postulated the presence of some protective factor in these substances. 
She interpreted her evidence to indicate that raw egg white contained a toxic sub- 
stance which could be neutralized by a protective vitamin. In 19-10 Williams and 
his associates produced evidence chat the substance that caused egg-white injury 
W 3 S united with biotin in a fairly stable combination but was decomposed by 
hydrolysis. The factor in egg white was a protein to which was giv^ c 

‘’avidifl" because of its avidity for biotin. The presence of biotin in i 
tents has been shown to be the result of syndic?-^ ^ intestinal b.; 
avidm js given in sufficient amounts it wil \/i fully vvith b / 

result will he egg-white injury disease. Bioti ^ 
stimulants yet discovered, 0.00004y will caj^ 
of microorganisms. The universal distribut 
tity m seeds suggest that it may have a v 

Dehydration and £lc 
ft is not possible to discuss water losses i 
nor to consider shifts in electrolytes with 
body fluids. Water conservation is of the 
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The water requirements of the body are governed by body weight and surface 
area, temperature and humidity of the environment, and exercise. The actual 
volume of water required as such is further determined by the food intake, or 
in the absence of it by the nature of the body tissues metabolized to furnish 
Kcessary calories. Thus, the minimum water required by an individual to prevent 
dehydration can be calculated if the above factors arc known. The figure so ar- 
rived at is not the minimum compatible with preservation of life over short 
xriods but that required to maintain water economy at usual levels. For short 
acriods the quantities may be significantly less. To provide for renal and basal 
txtrarcnal water loss, a weight of water is necessary which is numerically equal 
.n grams to the individual’s surface area in square meters multiplied by the factor 
S50. The average person has a surface area of about 1.7 square inctcrs and thus 
would require a minimum of 1100 ml. of water per day. Exercise will increase the 
iced for water, and this need can be calculated in grams of water as it is nu- 
merically equal to 0.702 limes the exercise requirement in large calorics. These 
lerivations-are empirical but rest upon sound concepts. Part of the water re- 
quirements can be met through the metabolism of food or tissue. Per 100 Gm. 
)f foodstuff metabolized, fat yields 107 Cm. of water, carbohydrate 55 Gm. and 
jrotcin 41 Gm. This is the water of metabolism of the pure dry foodstuffs and 
tot the naturally occurring foods as usually taken since these contain large quan- 
itics of free water in addition. Metabolism of protein increases water require- 
ments by the amount necessary to provide for the electrolytes which arc liberated 
n protein oxidation and to provide a vehicle for the excretion of nitrogenous 
csiducs. The water actually available from protein metabolism is thus somewhat 
css than the above figure No water is required for the disposal of end products 
>f metabolism of fat and carbohydrate; hence, the water resulting from their 
■xidalion is all available for metabolic needs. The end results of oxidation insofar 
s water requirements arc concerned arc the same regardless of whether the 
ooj stuff metabolized is ingested or is derived from body tissues. 

It is thus evident that measures aimed at conservation of water in a semifasting 
tan will be concerned primarily with three factors: (1) exercise, (2) sweating, 
3) protein tissue breakdown. Exercise can readily be held to a minimum when 
.he advantages to be gained arc not commensurate with the risks involved in so 
increasing water needs. Sweating as a temperature control mechanism can be 
kept at a minimum by keeping Innly surfaces moist with sea water and avoiding 
direct sunlight. Destruction of body protein can l>c held to a minimum by taking 
advantage of the protein-sparing action of fat and carbohydrate and providing this 
‘'♦type of foodstutfs in emergency rations. 

It is of interest that such calculated water requirements and provision for 
bluer conservation accurately predict recommendations made following actual 
under field conditions. Fulcher, Consolaaio, and Pace 1 ’ found that 500 ml. 
^ V* P ater per day were sutfieient to maintain men on pneumatic life rafts in the Gulf 
* K Jcxieo. Gamble and Hudct'* luve shown that the renal requirement for water 
i'C reduced by one third to one half by glucose ingestion winch not only spared 
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tissue protein but also reduced sodium chloride losses in the urine. Butler's 
recommended lifeboat ration of a candy containing 80 per cent glucose and 20 
per cent fat provides 5 calories and 0.66 Gm. of water per gram of ration. If suf. 
ficient calories to maintain life arc taken, this diet will almost provide enough 
water for minimal requirements exclusive of that required for temperature con- 
irol through sweating and that for exercise. 

It appears that the above measures should be relied upon to maintain life in 
castaways. The use of fish juices is practical only to augment the fresh water 
supply as Butler was able to obtain only 50 ml. of fluid by prolonged mechanical 
squeezing of 1 kilogram of sea bass. To provide 500 ml. of fluid in this manner 
would require extraction of tissue juices from 22 pounds of fish. 

On a water restricted regimen, ingestion of salts or hypertonic solution such 
as sea water will very significantly increase water requirements and under these 
circumstances should be assiduously avoided. 

Under ordinary conditions with some effort to hold- sweating at a minimum, 
losses of electrolytes will not affect the viability of a castaway. Over JO per cent 
of body sodium can be lost gradually over a period of three weeks without 
seriously incapacitating a man. Electrolyte equilibrium can be satisfactorily pro- 
tected by adding one part of sea water to four parts of fresh water and drinking 
such a mixture one day in each four. If desalinated water is used no sea water 
should be added as this water contains sufficient electrolytes to prevent significant 
losses. 

The use of salt tablets to supplement dietary salt for men sweating heavily must 
be recommended only with appreciation of the individual’s dietary intake and his 
degree of acclimatization. Indiscriminate use of salt tablets is deprecated, but 
when clear indications for its use exist, dosages should be roughly calculated. 
Total sodium chloride intake for working men sweating heavily in humid 
climes need not exceed 20 Gm. per day and 15 Gm. will almost always be adequate. 
The average diet will provide 10 Gm. of salt a day, and slight salting of food 
readily brings this up to 15 Gm. Enteric coated tablets will largely avoid the 
nausea frequently encountered following salt administration. 

Trauma and Nitrogen Metabolism 

The nitrogen economy of the body is peculiarly sensitive to disturbances of 
body function whether caused by disease or trauma. That nitrogen loss occurs 
with fever and acute infectious disease has been much more generally recognize 
than that nitrogen loss follows physical trauma to parts of the body. The excessive 
loss of nitrogen after burns is perhaps an exception. The mechanism of t ese 
losses is not known. _ _ 

The average normal adult who is receiving adequate calories in his ict can 
readily be brought into nitrogen equilibrium on an intake as low as 0.4 0 

protein per kilogram ideal body weight per day. The generally accepte 
for optimal protein intake for adults is 1.0 Gm. per kilogram ideal bo y wcig 
per day. In persons with disease and following trauma the minima* mtrogc 
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intake required to maintain nitrogen equilibrium is much increased, and fol- 
lowing injury in some instances in which it has been determined it is so large 
that balance is \cry difficult to attain with natural protein-rich foods. About 2.0 
Gm. of protein per kilogram ideal body weight per day is the practical limit of a 
diet which can be taken by an individual without glut of the appetite. Even this 
level is very difficult to attain in many persons. With such a large increase in the 
minimal nitrogen intake as occurs in trauma, the optimal level is unknown. It is 
reasonable to suppose that it is only moderately above the amount required to 
restore equilibrium as we appear to be dealing with a disturbance of function 
which in part reverts to normal upon reaching equilibrium. 

It has become the custom to look upon the large nitrogen losses following 
trauma, such as fractures, as not only undesirable but even harmful. Attempts to 
restore the patients to nitrogen equilibrium have seldom been successful until 
approximately the second week following injury when nitrogen equilibrium is 
generally spontaneously restored on normal protein intakes. It must be emphasized 
that we arc discussing nitrogen losses which occur despite ingestion of what 
would normally be an adequate protein intake. This has no relation to the un- 
desirable ciTccts of low protein diet on wound healing which was recognized by 
Clark in 1919 and which more recently has been extensively studied by Ravdin 
and others We arc not primarily concerned with why malnourished patients are 
poor surgical risks but whether suppression of nitrogen losses in good surgical 
risks will decrease the risk and stgmficamly shorten convalescence. 

The absorption of nitrogen in these patients is unimpaired; the losses arc ac- 
counted for by a large increase in urinary niltogen. The same wasting of nitrogen 
is seen when endogenous protein is the source. The nitrogen loss may be ac- 
companied l»y other bizarre phenomena during the period of protein catabolism: 
c.g, Howard 1 * noted a retention of potassium equal to about 20 per cent of the 
total potassium in normal men. 

RtasniJ protein concentration can be used only as an index of severe nitrogen 
dcplctiun Wccch, Wullstein, and Goetsch showed that for each gram of nitrogen 
lost from the plasma protein, 5.3 Gin were lost from hemoglobin and 22.5 Gm. 
{ruin body tissues. The actual depletion of blood constituents may be masked 
by concomitant changes m blood volume. The liver is depleted of protein to a 
greater extent than arc other organs, and although with moderate depletion no 
failure ni function has been demonstrated, the reserve capacity must be affected. 

Methods of prevention of nitrogen loss arc at present confined to feeding in- 
creased quantities of protein, fn patients with distutbanccs of the intestinal tract 
it nuy be advisable or necessary lo (ccd amino-acid mixtures. These can he given 
either orally, by tube, or intravenously. The use of testosterone to promote 
nitrogen assimilation in these juticms is of doubtful value. 

It is thus apparent that the factors involved in recovery from wounds and frac- 
tures ate poorly understood in their relation to nitrogen economy. The Ember 
study of protein metabolism in relation to convalescence is one of the most chal- 
lenging problems at present being attacked. However, until the final solution it 
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attained, one can do much for his patient by careful attention to his protein in* 
take to insure that he is receiving a generous nitrogen intake approximating be- 
tween one and one and one-half times the optimal intake for the normal indi- 
vidual. 


Nutritional Edema (War Dropsy, Famine Edema) 

During World War II a condition characterized by weakness and edema was 
observed in the parts of Europe where the shortage of food was most acute. 

In certain countries, such as Haiti and Java, a form of nutritional edema is 
prevalent among classes whose diet is for any reason inadequate. Among infants 
who live for long periods on a preponderantly starch diet, striking degrees of 
dropsy are seen which appear similar to nutritional edema in all respects. 

Clinical Picture. The edema is more marked than in ordinary cases of starva- 
tion. It is most prominent in the legs and feet. At times it extends to the thighs 
and trunk and, in about half of the cases, the face. Upon disappearance of the 
edema, marked emaciation is apparent. Extreme muscular weakness and dis- 
turbances of the alimentary tract are common. Slight exertion is followed by 
dyspnea and a slow pulse, although cardiac disturbance is not a feature of the 
disease. The urine is pale, with a low specific gravity, and free from albumin. 
There is an anemia, with a tendency to leukopenia. Ocular manifestations pre- 
sumed to be due to a deficiency of vitamin A were also noted in Central Europe 
where there was a shortage of fats. 

Etiology. Nutritional edema is generally ascribed to an inadequate and un- 
balanced diet of low-protein content. Deficiencies in mineral substances and in 
vitamins may also be important factors. The condition is aggravated by heavy 
physical work. Chemical studies of the blood show a decrease in the plasma 
proteins. A similar condition can be produced in animals by diets which are 
deficient in protein and certain mineral salts. 

Treatment. Treatment with high-protein diets may bring 3bouc a prompt 
restoration of the plasma protein with recovery. In some cases, however, the re- 
sponse is slow, possibly from defective absorption or utilization of the protein. 
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A. Apparatus 
The Microscope 

The most important piece of apparatus for the laboratory ns other » a Rood compound 
microscope It should be equipped with a triple or quadruple nuscpiccc and a removable 
mechanical stage. A monocular is adequate for almost all purposes but if long hours arc 
to be spent using the microscope a binocular soon pays back its extra expense in saving 
to the eyes. binoculars are almost a necessity in busy hematology, parasitology, and 
pathology laboratories A stereoscopic (dissection) microscope is essential in the examina- 
tion and dissection of entomologic and helmmthologic specimens. A simple microscope 
(magnifying glass, hand lens) is only rarely needed, and an ocular may be substituted 
when such low magnification is required. 

Objectives. These are the most important lenses of the microscope and should be 
selected with great care. They vary chiefly in color correction, numerical aperture, 

■ ’ 11 ' . ■ . ,n . ■ s . ■ (I) the achro- 

■ . . t . * ■ . . ■ italic, corrected 

for three colors and spherically for two, (3) the scmiapochromatic (fluorite), whose 
color correction is better than that of the achromatic but not at good as the apochrortuUc. 
Achromatic objectives are adequate for all general work and arc much chcajicr than 
the other types The better lenses are valuable m hematology, bacteriology, malanology, 
and photomicrography, 

Nlsusicai. Am art. is Mott objectives have the letters N A. and a figure marked upon 
them expressing their numerical aperture From a practical standpoint this gives the rela- 
tive proportion of the rays which proceeding from an object can enter die lens of the 
objective and form the image. Of course, the greater the number of rays, the greater the 
SA, the better the definition, and consequently the better the objective The molting 
potter of a lens, ic., the shortest distance between two lines or points at which they 
cart l*e distinctly seen as two instead cif one indistinct point or line, it closely related 
to the N \ T1»c wave length of tight divided by the N A , or twice this figure if a Con 
denser is used, will equal the ihcojctisal revolving power of the t< needy employed lens 
I >*r example. Using green light (wave length alxait 0 55^,) and an ml immersion ob 
inti'f (S \. 1 25) with a cundekter. then 055 +■ 2(1.25) =: 0 22ji or the resulting 
power «4 the objective. I 
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Equivalent Focus. An objective is usually designated by its equivalent focal distance 
i.e. f the focus of a simple theoretical lens which has the same power and characteristics as 
the combination of lenses m the given objective. It does not represent the working dis- 
tance of an objective, by which is meant the distance from the upper surface of the 
coverglass to the lower surface of the objective. The usual objectives arc the 16-mm. (low 
dry), the 4-mm. (high dry), and the 2-mm. (oil immersion). 

Magnification. Modern objectives are usually marked with their magnifying power. 
This figure multiplied by the magnification of the ocular used with the lens will give 
the total magnification of the objective-ocular com- 
bination at the eye point. For clinical microscopy, 
objectives of three powers usually suffice, a low 
power (lOx), a medium power (40 x), and a high 
power (90 X ) 3 X , 20 X and 60 X lenses may also 
prove valuable. 

Most individuals are able to use a magnification 
of between 800 and 1000 times the numerical aper- 
ture of the objective. This depends upon the resolv- 
ing power of their eyes. Magnification beyond this 
resolving power is "empty,’' i c., no more details 
are seen if the magnification is increased by the 
use of a higher ocular. 

Immersion Objectives Although most objectives 
arc constructed to work in air certain ones of high 
magnification require the immersion of the front 
lens in a fluid, usually oil. Several kinds of im- 
mersion oil are used, cedarwood oil probably giving 
the best optical conditions but being sticky and 
gummy. For general laboratory use mineral oil is 
to be preferred. A drop of oil should also be placed 
between the upper surface of the condenser and 
the lower surface of the slide if maximum definition 
is to be obtained with an oil-immersion objective. 
In the clinical laboratory, however, this is seldom 
required. 

Oculars. The ocular in common use is known as 
a negative or Huygenian lens, i.e., an ocular in 
which the lower lens (collective) assists in forming 
the real inverted image which is focused at the 
level of the diaphragm within the ocular. The 
negative ocular must be reversed in order to use it 
as a simple magnifier. The second type of eyepi ccc > 
the positive ocular, acts as a simple microscope, magnifying the image formed entire y 
by the objective and located below the ocular. In order to get full advantage rom 
apochromatic objectives, especially m photomicrography, it is necessary to emp oy 
with them so-called compensating oculars which are designed to compensate oran 
correct the residual color defects in the extra-axial portion of the visual fie c 
oculars may also be used with the ordinary achromatic objectives. 

By fixing one end of a hair on the nm of the diaphragm inside the ocular vvi a tn>a 
drop of balsam one has a satisfactory pointer to locate any particular cell in e m 

Use of the Microscope. If the microscope is to be used practically and 
the following rule must be kept constantly in mind: The higher the ™ asn f ca J° 0 j 
smaller the field of view, the shorter the working distance, and the less t e y 



Parts of microscope (E) Eye-piece. 
(D) Dravvtube (R) Rack (coarse ad- 
justment) (PH) Pinion head. (T) 
Body tube. (MH) Micrometer head 
(fine adjustment) (RN) Revolving 
nose-piece. (O) Objectives. (MS) Me- 
chanical stage (S) Stage. (H) Handle, 
a part of the arm. (SS) Substage (I) 
Inclination joint (P) Pillar. (M) 
Mirror. (B) Base. 
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focus. Alwrays use the lowest power practicable as the field is larger and the image 
sharper. This applies to the ocular as well as to the objective. 

AH preparations should be examined first with the low power objeeme to select suit- 
able areas tor further examination and to get all possible details. With tissue sections a 
preliminary study with a magnifying glass or esen the unaided eye may give a sur- 
prising amount o£ information 

Position. Although some workers prefer to use the microscope with the body tube 
inclined by the inclination joint, yet one gets just as good results by keeping the tube 
perpendicular and it is better to become accustomed to such a position since it is necessi- 
tated when working with fluid mounts. 

Tut Eve. It is advisable to cultivate the use of both eyes in doing microscopic work. 
When using a monocular the unemployed eye should be kept open with accommodation 
relaxed, since squinting causes fatigue A strip of cardboard -l of 5 inches long, with an 
opening to fit over the tube of the microscope, leaving the other end to block the vision 
of the unused eye, will prevent the strain 

Illumination. Projier illumination is secy important in microscopic work, unless the 
light is utilized to the best advantage the best results cannot be obtained A north 
light, or, south of the equator, a southern light is desirable. Direct sunlight or an ex- 
cessively bright light is to be avoided if possible or reduced by white shades or curtains. 
Artificial light is more practical because the intensity remains constant. A ground glass or 
blue filter should be used between die light source and the mirror, depending upon 
the type of light desired A binocular microscope requires more light than a monocular; 
good results are unobtainable without sufficient light. However, too much light is as bad 
as not enough 

Cornier Use op the Minos. Use the flat ode of the mirror for almost all purposes if 
there is a condenser on the microscope In cases where the condenser is lacking, or a 
contour image is desired, as, for example, in hanging-drop preparations and fresh smear* 
of intestinal protozoa or blood, the concave mirror is preferable. The mirror must be 
centered so that it is filled by the source of light and the maximum intensity of il- 
lumination is secured. The quality of the image is reduced if the mirror is used in any 
oilier position. 

Cottier Use or the Cuvoissf*. The condenser should be kept at almost its highest 
elevation. Only when contour images arc desired should it be lowered. With high 
powers the iris diaphragm is used to cut down die light, never the condenser. The 
slurpcst image i* obtained when the aperture is the smallest, but never close the ins 
diaphragm to a point where die cone of light it delivers has a lesser optical angle than 
that of the objective used or the value of N /V will be lowered 

rocitiM. When using the high dry or oil immersion objectives il is very important to 
focus on the preparation in the following way Lower the objective with the coarse 
adjustment until it is almost m contact with die cmerglan or slide, controlling it with 
the eye on a level with the stage Then, looking through the eyepiece, elevate the 
objective until the object comes into view, and focus sharply with die fine adjustment. 
Never uve the fine adjustment to lower the objective. Contact cannot be felt anJ the 
cuvcrglavs is apt in break This ruins the preparation and may injure die lens. Par- 
ticular care is necessary in focusing hanging drop jsrcparation* since die covcrglass is 
easily broken and there is the tisk of infection if virulent organisms arc present. Very 
few microscopes are paifncal Use caution in shifting from one objective to another. 

Care of die Microscope. The following precautions shuu'd be observed u> order to 
prevent injury to die mu rout pc; 

1. If the fine adjustment works t!uou„Ji the arm of the microscope, always grasp die 
instrument by the pillar winch supports the stage. In thovc h-.icioki>j>c«, however, which 
ate not cummwied »n this wjy the atm has a iundlc pou.cn made to serve in lifting 
the instrument- 
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2. Always keep the microscope in its case or covered with 3 bell jar or cloth when 
not in use in order to keep away the dust. 

3. Care should be observed to keep all parts of the microscope from coming in con- 
tact with acids, alkalies, chloroform, xylol, and alcohol. 

4. See that the lenses are clean before using the microscope. This apphes especially to 
the upper and lower lens of the ocular and the lower lens of the objectives. Always use 
lens paper in wiping off the dust from dry objectives and the oil from immersion ones. 
Remove immersion oil before putting away the microscope. Dried oil becomes gummy 
and is hard to remove without danger to the lens. It can be removed by wiping with 
lens paper moistened with a drop of xylol or chloroform, but the cleaning should be 
done as rapidly as possible, with a final wiping off with dry lens paper, to avoid 
damage to the setting of the lenses. Throw lens paper away after using it once. 

5. Lenses arc very apt to deteriorate in the Tropics One should be careful to protect 
the instrument from the direct light of the tropical sun. 

0. If any oil ts used on the mechanical parts for lubrication, all excess should be 
wiped off to avoid the catching of dust or gritty particles. Never use immersion oil to 
lubricate a microscope. 

7. Always be certain that the slide is placed right side up on the microscope. The high 
powers cannot be brought into focus and there is danger that a lens may be damaged 
when the noscpiccc is rotated on a slide which is upside down. 

Darkfield Illuaiinatiov 

This method of lighting is used primarily for the examination of obiects either too 
transparent or too small to be seen by light which passes through them. It is of great 
value in studying spirochetes, trypanosomes, etc The objects in the field are illuminated 
only by light which enters obliquely and are seen by the rays which are reflected to the 
c>e; they appear as brilliant silvery objects against a dark background. Particles beyond 
the range of resolution by direct illumination (less than 02p) may be made visible as 
points of light These are, however, diffraction images and not the actual objects. 

Illumination. The stronger the light the smaller the objects that can be seen with a 
darkficld. A brilliant source of illumination is essential. A small arc lamp is the most 
satisfactory but a good gas light, a strong flashlight, or direct sunlight can be used. 
The rays should be parallel when they enter the condenser. Special darkfield equip- 
ment has the light source incorporated in the apparatus below the condenser. These 
lights are compact and convenient, and are adequate for all but the finest work, ui 
which the more intense arc light gives better results. In using direct sunlight, it is neces- 
sary to place the mirror where it will receive the full sunlight while the rest of the micro- 
scope is shaded If filters are used they must be transparent, never semi-opaque or 
ground glass. 

Condenser, Darkfield illumination is usually secured by the use of a special condenser, 
the center of which is covered by an opaque area so adjusted that no direct rays uom 
the light source can enter the eye A small round piece of black paper, just large enoug 
to block out direct light, placed m the center of the glass disc that fits into t c ^8 
under the lens of the ordinary condenser will work with the Jower-power objectives u 
not with the higher ones The special darkficld condenser, when used to rep act 
ordinary one, must be so adjusted that it can be elevated high enough to make con 
with the bottom of a slide on the stage. The light is then adjusted and the con 
centered usually by means of set screws operating against springs, and a sma 
etched in the surface of the upper lens. This circle is focused upon by me ow-po^ 
objective (10X ocular) and appears as a bright luminous ring in a dark field. _• 
Do not be misled by the series of concentric rings in the condenser wjiic 0 ^ 

lower plane than the single bright centering ring. The bright ring should « 
the middle of the field by means of the centering device. Note: The luminous 
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cannot be seen unless the top lens of the condenser is faultlessly clean. Every trace of oil 
or dirt must be removed before use. 

Most microscopes are equipped uith a darkficld stop which may be inserted into the 
ring under the ordinary condenser This serves admirably for use with cither the low or 
high power objective. If special darkficld condensers arc to be purchased, an authority 
should be consulted before a choice is made 
Objcctiv es. The objectives usually used for darkficld examinations arc the oil- immersion 
and the high dry. With condensers designed for use with a N A. of 1 00 or below (al- 
most all) the oil immersion objective must be reduced in N A. to below 1 00 by use of a 
“funnel stop” inserted into the back mount of the objective, or by means of an iris 
diaphragm if the object we is so equipped. 

Slide and Coversbp. Darkficld condensers are constructed to work with slides of a 
definite thickness, usually somewhere between 1 10 and 1 45 mm. Unless the correct 
thickness is used the cone of light cannot be properly focused upon the object and the 
results arc unsatisfactory The slide and coversbp must be perfectly clean and free from 
scratches. A No l or even 0 coverglass should be used. 

Preparation of Materials for Examination. The layer of fluid to be examined must be 
thin, and it must not contain too many objects or the whole background swJ) be bright- 
ened and the objects indistinct. Air bubbles must be avoided. 

Use of the Darkficld. After making all the preparations described above proceed as 
follows: 

1. Place a good drop of immersion oil on top of the condenser and lower it a little 

2. Place stide on stage and raise condenser until there is a good contact between the 
bottom of the slide and the top lens of the condenser. This contact must be free from 
air bubbles. 

3. Mace drop of oil on covcrglass and lower oil immersion lens into it. Tim contact 
muit also be ficc from air bubbles Tocus carefully. Note- In routine laboratory pro- 
ccdurcs it is seldom necessary to use oil immersion objeetwes — high dry and low powers 
proving entirely adequate It is recommended that die low power objective be employed 
in procedures such as observing the results of agglutination tests in leptospirosis. Many 
individuals experienced in darkficld microscopy feel that die method is of great value In 
studying many tyiKS of organisms not mentioned above. 

4. If the light does not seem perfect, move the condenser up or down a little and 
attempt to find a spot where the light is better. 

MlCROXItTtlt 

Micrometry, nr die determination of the dimensions of an object microscopically, is 
often very useful in hematology, bacteriology, and particularly in animal parasitology. The 
unit m micrometry is the micron Tins is the Iiimj part of a millimeter, and is usually 
written ft. A millimicron n die part of a micron, or 0 000001 millimeter, and is 
written nijs. 

Ocular Micrometer. The most practical way <»f nuking diese measurements is by plac- 
ing a scale in die evepicce A number of types cxiu, the most common being the due 
niter onir ter for insertion into die regular ocular, the micrometer ocular used to replace 
the normal eyepiece, or the fdar micrometer The disc micrometer u the least expensive 
and most commonly used type. The filar micrometer is the movt accurate, hut it ex. 
j’cnuvc. The due micrometer is a glass due with iu3cd lines which is placed on die 
diaphragm of the ordinary ocular ruled tin face Jou n Hie ruling and specimen should 
be seen in perfect fo*,us at the same time If the graduations cannot be clearly seen the 
micrometer » probably inverted with live ruling face up or the diaphragm of the ocular 
»» in the wrong position fur the eye*. To determine d the latter is the ease, unurew' the 
t*'»* lens of die ocular slowly. If the s»a!c comet into focus, the duj hragm should be low- 
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crcd. If not, it should be raised. The ocular micrometer is usually ruled with 50 or 100 
lines or spaces, separated by longer lines into groups of 5 and 10. 

Calibration. All micrometers have an arbitrary length and the apparent length depends 
on the magnification. Consequently each one must be calibrated /or use with each com- 
bination of objective and eyepiece A stage micrometer or hemacytometer is used for 
this standardization. A stage micrometer has ruled lines separated from each other by 
Yio mm. (100/i). Some of these Mu-mm, spaces arc again ruled with 10 lines giving 
spaces which are only Yioo mm. (10p) apart. If one does not have such a scale, however, 
a hemacytometer makes a very satisfactory substitute. In any system of ruling of 
a hemacytometer, whether it be Thoma-Zeiss, Turtle, or N eubaver type, the smallest 
squares m the central ruling arc used for counting red cells. These arc in groups of 
16, and each one is Y*o mm. or 50/* square. It is these 50p spaces which are used in cali- 
bration. 

Procedure lor Calibration with a 'Bemacytomcier. The principle is exactly the same 
as with a stage micrometer. 

1. Focus on area of the hemacytometer with the smallest squares (50^), noting that 
there are triple or double hues and single lines 

2. Place a single line of the hemacytometer so that it corresponds exactly with the zero 
line of the ocular micrometer. 

3. Being careful not to move the hemacytometer or ocular look to the apparent tight 
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and note a second place where a line of the hemacytometer exactly coincides with one of 
the micrometer. 

4. Note the number of lines on the micrometer (a) and the number of spaces on the 
hemacytometer (A) which thus are equal in distance 

5. Since each space on the hemacytometer is equal to 50^ multiply b by 50 and divide 
byer. This gives the value of each individual space on the micrometer with the ocular, 
objectne, and tube length employed in the calibration It must be recalibrated for every 
cycpiccc'objccuve combination. Note With the higher powers often there is no line to 
the apparent right on the micrometer which exactly coincides with one of the hema- 
cytometer. In this case interpolation is required. 

Example: If 20 lines of the ocular micrometer cover 4 spaces of the hemacytometer, 
then 4 X 5 Oft -*• 20 ~ l Op = length of one space of the micrometer. 

To measure the egg of an intestinal parasite, for example, simply focus on the egg and 
note the number of spaces covering it Multiply this number by the value in microns of 
the space for the objective-eyepiece combination used. 

Filters 

There are several types of filters in common use for removal of bacteria from liquids. 
Dcrkefcid Filters. These are made of diatomaccous earth, pressed into the shape of a 
hollow candle and cemented into a metal base which is drawn out into a tube. This is 
inserted in a glavs mantle which holds the fluid to be filtered, and is attached by means 
of a rubber stopper to an ordinary suction flask or lo some special device There arc three 
grades of porosity V (viel), coarse (jiores 8 to 12/i), is for clearing solutions and docs 
not retain all bacteria N, normal (pores 5 to 7ft), retains ordinary bacteria. \V (wenig), 
fine (pores 3 to 4ft), retains bacteria and some viruses 
Mandlcr Filters. These filters, which arc much used in the United States, arc similar 
in construction and use to the berkefcld filters They are made of diatomaccous earth, 
asbestos, and plaster of Pans There are tlircc grades, "preliminary,” "regular,” and 
"fine,” corresponding approximately to V, N, and W Rcrlcfelds 
ChambcrlanJ 1 liters. These arc nude of unglazed porcelain (kaolin svith a little sand). 
They are pressed into candles open at one end, into which the stem of a funnel can be 
fitted by means of a rubber stopper The fluid filters through the candle from within 
outwards There are nine grade*: L 1 (coarse, like bcrhcfcld V, not retaining bacteria), 
L J bn, bi, hi (like liciktWd N, potes 27ft, retaining mosi baettna), L 5, L 7, L 9, 
L It, and L 13 (finest, retaining some viruses). 

All of these filters are obtainable in various sizes. 

Sent Fillers. These consist of a special asbestos pad which fits in a incut holder 
The grade I K ("germicidal") removes ordinary bacteria The discs ate discarded when 
exhausted These pads liberate alkali in the solutions, particularly the older iy}»cs 
UltrafJtr.Uon through specially prepared collodion membranes is much used in the 
study of viruvci The technic u complicated (See Uford / Path CV lljct , 34.S05. PHI ) 
Tewing Idlers. Cross delects (cracks, leaking joints) may be detected by immersing 
the candle in water with ihe closed end up and attempting to blow air through if 1/ it 
seem* intact, avertible the filter, stenlire in the autoclave, and filter a liquid tu which has 
been added »uibuem of a 24 hour broth culture of prodigiosus (S marccueni) or some 
similar organism to give al*ouf lOO.UXXlXO organisms per ml. Culture hlseral amounts of 
the filtrate If no growth apjicars within 43 hours, the filter may be regarded as intact. 

Cleaning Candle* <Ks*eiV Mtihcd). « infectious material has been rdtrrcd. soak in 
fame vitsuifetunj vuJv as ciewd which d«» nox coagulate protein Scrub the surfatc 
wiih a l rush, and force through tf.r filter from within outward water (or salt fadu 
turn if the fluid hJicrrd contained globulin) until clean. Jlod half art hour m 2 per cent 
o “hum carbonate, and ihta in scver-l changes of JisldfcJ water force water through 
the candle until it is clean and ail alkali lus been removed if clogged with organic 
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material, Chamberland candles may be dried jn a warm oven and gradually heated in 
a muffle furnace to a dull red heat, and then slowly cooled. Bcrkcfeld filters often crack 
if so heated. 

Filtration. This is better carried out by suction than by pressure. Filtration should he 
rapid, but the negative pressure should not exceed 35 to 50 cm. Hg. The liquid to be 
filtered should be cleared of detritus by preliminary centrifugation and filtration through 
paper, cotton, or a coarse filrer. 

The filtrabihty of a particle depends only in part upon the relative size of the particle 
and the pores of the filter. The composition and reaction of the liquid medium is equally 
important (see p. 189). If the medium is acid, the filters will usually retain small bac- 
tcria and some viruses which will pass through if it is slightly alkaline. Filtration of 
viruses is facilitated by suspending them in meat infusion broth or in IQ per cent scrum 
rather than in salt solution, or by first drawing some sterile broth through the filter. 

Capillary Pipets 

With the possible exception of the platinum loop, there is no piece of apparatus so 
generally useful as the capillary piper. It is made from a piece of Vt - inch soft-glass tubing, 
about 6 inches long. Held by the ends and constantly revolved, this is heated in a Bun- 
sen flame, preferably fitted with a fish-tail tip, until it becomes soft in the center. It is 
then removed from the flame and, with steady traction, drawn out so that there inter- 
venes a capillary portion 18 to 20 inches long. When cool, it is filed and this capillary 
portion broken ofT in the middle One then has two capillary pipets By using a rubber 
bulb, such as comes on medicine droppers, one has a means of sucking up and forcing 
out fluids. The bulb should be pushed on about Vi to inch; this gives a firmer surface 
to control the pressure on the bulb. 

Bacteriologic Piper. A bacieriologic pipet is made from a piece of tubing 9 inches long* 
The tubing js heated successively in the flame points 3 inches from each end, in each 
instance the tube is drawn out /ust sufficiently to make a constriction. Then, following 
the procedure described in the preceding paragraph and heating the middle of rhe tube, 
two capillary pipets are obtained. A piece of cotton is lightly pushed into the larger end 

Wright’s Tube. This tube, with a hooked end which permits hanging the crook on 
the centrifuge guard, is the best known apparatus for securing small quantities of blood 
for serum tests By filing and breaking the thicker part of the tube, the serum is rnade 
directly accessible to a capillary rubber bulb pipet, or to the tip of a hemacj tometer pipet, 
thereby facilitating dilution ot the scrum. 

Lyon's Blood Tube. To make this tube, a 5- or 6-inch section of %-mch tubing lS 
heated in the center and drawn out as for making two bacteriologic pipets. This is 
divided, and the large end scaled off in the flame. Next the capillary end is sealed o 
Then a very small flame is applied to a point on the large end just before ir begins t0 
taper to the capillary pair The hc.it causes the air sealed off inside to force out a oW 
hole. To use, the sealed capillary end is broken otT and allowed to suck up blood rant 
a drop just as with the Wright tube f consider this tube superior to that of Wright. 

Although these pipets may be sterilized during the flaming, and used imme tatty 
afterward, it is better to keep on band a supply, suitably wrapped and autoclave 
use on occasion. 


Apparatus and Technics in Anaerobic Methods 
The following methods and equipment are best adapted to small diagnostic labors 

When organisms can be grown in liquid matrix and surface colonies are not • 
use deep tubes of Brewer's medium, scmisohd agar, or cooked meat Anaero 
assured for the last two if the tubes are heated to drive off oxygen prior ^to ^ 

and sealed with paraffin oil during incubation By making the sormoltd agar y 
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it is possible to obtain isolated colonies in the depth of the medium. These can be 
reached by warming the tube gently and sliding the entire mass out into a I’ctn plate. 
Then with a sterile scalpel the mass can be sectioned at the desired level. 

If it is desirable to obtain surface colonics on solid media it is best to use a system 
containing pyrogalhc acid Take two evaporating dishes at least 1 inch deep and have 
one at least an inch greater in diameter than the other Pour the desired medium into 
the smaller of these exactly as is done with a Petri dish After inoculating the surface, 
place about 1 Gm. of pyrogalhc acid in the large duh and invert the smaller over it. Sow 
run in a few milliliters of 5 per cent sodium hydroxide and immediately seal the space 
between the two dishes with paraffin oil. The same technic can be used for slants by 
cutting the plugs oil flush with the tube, pushing them down, adding pyrogalhc acid 
and hydroxide solution, and putting in a tight stopper. Incubate m an inverted position. 

When it is necessary to provide an anaerobic atmosphere for a large number of cultures 
use a jar or can which can be tightly sealed In the bottom of this place 1 5 Gm. pow- 
dered chromium and 0.5 Gm sodium carbonate, per liter capacity of the jar; use a small 
beaker to contain the reagents. Into this powder pipet 15 ml of 15 per cent (by volume) 
sulfuric acid. Place the cover on tuuscly until effervescence is about completed and then 
tighten it down and seal with Scotch tape or paraffin Hydrogen gas is given off during 
the reaction and remains during the period of anaerobiosis, consequently, keep the 
container away from flames An indicator winch will demonstrate loss of anaerobic con- 
dition can be made by adding 2 drops of Loefflcr’s alkaline methylene blue to a tube of 
glucose broth and heating until die oxygen is driven out. Return of die blue color 
indicates the presence of oxygen 

Novy Jar. Tlus is one of the most convenient and satisfactory devices for securing 
strict anaerobic conditions. Any one of several methods described may be used for 
abstraction of oxygen A good substitute may be improvised from an ordinary museum 
jar, the top of which is perforated to admit a rubber stopper carrying one or two glass 
tubes through which air can be withdrawn and hydrogen introduced. (A glass stopper 
it better.) 

Method of McIntosh and Hides. Tins method or one of its modifications is now re- 
garded as giving the most satisfactory anaerobic conditions obtainable, it depends upon 
the oxidation of hydrogen by the oxygen in the jar due to the catalytic action of 
{■latinized, or preferably palladmizcd, asbestos wool. The culture tubes or plates are 
put in the jar The asbestos w«ml, protected by a small cage of copper gauze, is heated 
red hot and suspended in the jar from the lid. The jar is quickly closed tightly, and 
sealed with plasticine or some subsutute. A stream of hydrogen from a cylinder pro- 
vided with a good reducing valve is then introduced so that it passes over the asbestos 
wool i fry tlouly to avoid an explosion. This is continued until the oxygen is exhausted, 
and the inlet lubes are then closed As an indication lliat an aJcquate degree of 
arucrobiovis has been secured McIntosh and i itJcs suggested using a tube of sterile 2 
per cent dextrose alkaline bmlh tinged with methylene blue Tins is decolorized (re- 
duced) when the oxygen is abstracted, and regains the blue color when oxygen is ad- 
mitted 

Simple replaremenf of uir by h)Jro;en fiom a cylinder or from a Kipp generator 
serves fairly well if palladmired asbestos is not available. It is more cifcctivc alternately 
to exhaust the air from the jar with an ordinary sucuon pump, anj replace with hydro- 
gen several times. 

Duthncr't Method. In this method l Gm. each of pyrogalhc acid and cauvtic (mtash or 
soda foe every HO ml of space in the vessel containing the culture it used to absorb the 
os v gen. It it convenient to drop in the pyrogallsc at id. then to put in place the inoculated 
tubes or jJaiet. then quwUy to pour in the amount of caustic soda, in a 10 |>er tent 
-queous solution, and immediately to dose the containing vessel. A large test tu!>e in 
which a smaller one conU-euig l! e inoculated medium u placed, anJ which may- be 
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closed by a rubber stopper, is very convenient. A good rubber-band fruit jar is satis, 
factory. A desiccator may be used for plates. 5 



Arrangement of tubes for 
cultivation of anaerobes by 


Taro 22 j’s Method. In this method, pieces of fresh sterile 
organs arc added to broth. Pieces of kidney, fiver, or 
spleen are best suited. After adding the tissue the media 
may be heated to 80* C. for a few minutes without inter- 
fering with the anaerobic-producing properties of the 
fresh tissues. This is also a feature of Noguchi’s method 
of culturing Treponema pallidum. 

To get effective anaerobiosis it is necessary to put the 
pieces of tissue in the bottom of deep tubes of plain or 
glucose agar oc broth, and to pour over the top stenie 
paraffin oil, or preferably melted petroleum jelly or paraf- 
fin Ljquid oil retards but does nor prevent diffusion of 
oxygen into the medium. Such tubes can be put in a Novy 
jar and the oxygen largely exhausted by replacement with 
hydrogen or by the pyrogalhe add method. 

Increased Carbon Dioxide Tension. Many organisms 
appear to grow better when the surrounding atmosphere 
contains more carbon dioxide and water vapor than is 
ordinarily present. The candle jar satisfies these conditions 
most easily. Plates and flasks are placed in wide-mouthed 
jars or cans equipped with tight-fitting tops. A small piece 
of candle is placed in with them and lighted. The top is 
secured tightly while the candle is still burning. When 
candles arc not available a pledget of cotton soaked in 
alcohol will serve the purpose. Single culture tubes can be 
provided with increased carbon dioxide by cutting the 
plugs off flush with the tube and pushing them down into 
the lumen. A few drops of alcohol are then placed on the 


Buchner's method. (Mac Neal ) plug, ignited, and a rubber stopper inserted. 

Partial Oxygen Tension. By incubating deep tubes of 
glucose agar which have been melted and cooled just before inoculation, without sealing 
with oil or paraffin, gradations of partial oxygen tension are obtained from aerobic condi- 
tions at the surface to practically complete anacrobiosis at the bottom. Some strains of 
streptococci, for example, grow only in a restricted zone below the surface. 


B. Preparation of Tissues for Examination in Microscopic Sections 


The most important step in the preparation of sections of tissues for histologic examina- 
tion is proper and immediate fixation This step in the technic is often in the hands o c 
surgeon at the time of the operation or the physician at autopsy, and it should e 
understood by them that a satisfactory diagnosis can be made only when the pieces o 
tissue are at once dropped into a fixative Various protozoa, as amebac, disintegrate in 
one or two hours unless properly fixed, and body cells show degeneration after e 
tissues have been left without fixation for a few hours, which changes may e m 


preted as pathologic. 

Drop into the solution slices of tissue, nor more than Yi inch thick, as soon ^ 
Leave in the fixative for 24 hours oc longer when the specimen is to be sent aw y 
a laboratory for diagnosis. The pathologist will attend to the other steps. 

\Vc use two fixation solutions in routine work, one of 10 per cent fortna « . 

of Zenker’s solution This latter requires prolonged washing of tissues following 


and has little advantage over formalin for ordinary purposes, 
fixation. The piece of tissue to be fixed must not be too large. s,n S 3 


sharp scalpel, 
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or preferably a razor, a section of tissue about M inch square and not more than H inch 
thick should be dropped into the bottle containing the fixative. The bottom of this 
bottle should have a thin layer of cotton with a piece of filter paper covering it. There 
should be at least twenty times as great a volume of fixing fluid as of tissue to be 
fixed. Delicate tissues, as pieces of gut, should be attached to pieces of glass, wood, 
cardboard, or blotting paper before being placed in the fixative. In fixing certain 
specimens of tissue, especially pieces of slit intestine, it is a good plan to lay the 
specimen, while wet, peritoneal side downward, on a piece of thick dry filter paper or 
hndcss blotting paper; this prevents the specimen from being curled up. The whole is put 
into the fixing fluid, and the paper removed after fixation. The number or name o* the 
specimen may also be written on the paper. 

Formalin. The most convenient fixative for routine purposes is a 10 per cent solu- 
tion of ordinary commercial formalin (4 per cent of formic aldehyde gas), either in 
water or, preferably, in 0.S5 per cent salt solution. Fixation is complete in from 12 to 
24 hours. By placing in die incubator at 37* C., 2 to 12 hours in the formalin solution 
suffices. If fixed in the paraffin oven (56’ C ), fixation is accomplished in about one- 
half hour. Formalin once used for fixation must be thrown away. 

Zcnkcr's n.U» Zenker’s fluid probably gives the best hutologic pictures and is the 
most satisfactory fixative for hematoxylin staining It is a modification of Muller’s fluid. 
The formula is 

Potassium bichromate 
Mercuric chloride 
Water 

Just before use add glacial acetic acid 5 ml 

Zenker's fluid fixes in about 24 hours After all corrosive sublimate fixatives one 
should wash die tissues in running water for 12 to 24 hours. The precipitate of mercury 
in the tissues is best removed by treating the section on the slide with Lugol’s solution, 
rather dun the tissue in bulk with iodine alcohol. A saturated corrosive sublimate solu- 
tion in salt solution with the addiuonal 5 per cent glacial acetic acid may be used as a 
substitute for Zenker’s fluid. 

Alcohol Where the tissue is to be examined chiefly for bacteria absolute alcohol is 
the best fixative. The piece of ussue should be small, not over H inch duck, and is to 
be suspended by a string to the cork so as not to lie on the bottom where die alcoholic 
strength tends to become weaker Better histologic details are secured by fixing for two 
hours with M) j>cr cent alcohol and then transferring to absolute for 12 to 24 hours. 

Note Most laboratories prefer to receive tissue that lias been fixed in formalin. Alcohol 
interferes vvidi froren sectioning and postal regulation! forbid alcohol in mail 

Dehydration. After washing for 12 to 24 hours in running water following corrosive 
sublimate fixation, or simply washing for a few minutes after formalin, the ussuca should 
be placed in 70 per cent alcohol in which they may be kept indefinitely 

C Equivalent-normal Solutions 

An equivalent normal solution contains the hydrogen equivalent of a substance, ex- 
pressed in gram*, dissolved in suificicnt distilled water to make I liter The hydiogen 
equivalent is tic number of grams that will unite with 1 Cm. of hydrogen or its cquiva 
lent lor an acid, the hydrogen equivalent would be the molecular weight divided by 
the nuiilscr of replaceable hydrogen atoms that it contains. For a have, it would be the 
molecular weight divided by the number of hydroxyl (OH) groups 
To nuke a normal (indicated by N) solution, dissolve in distilled water the proper 
ansount of die subsume, and make up the volume to exactly JOjO ml. Thus sodium 
hydroxide has one hydrogen equivalent Na = 23. O =: If,, and II u 1. so one dissolves 
yJ Cm sodium hydroxide in ditnlleJ water, and makes the volon c up to exactly 1 liteT. 


2.5 Cm. 
50 Cm. 
100 0 ml. 
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Again, oxalic acid has the formula (COOHfoJHsp, with a molecular weight of 126- 
containing two carboxyl groups, it has two hydrogen equivalents and it is necessary to 
divide by 2, So we dissolve 63 Cm in water, and make up to 1 liter. 

Preparation. If 3 chemical laboratory is not accessible, one may prepare such Solutions 
with an error so slight as to be unimportant in clinical work in the following manner: 
Select perfect crystals of oxalic acid, such as can be obtained in a drug store, and 
weigh out, on the most accurate apothecary scales available, 6.3 Cm. of the most 
perfect crystals in the bottle. Put these preferably in a volumetric flask, and make up 
H-irfi distilled water to 1 liter. The use of a measuring cylinder is less accurate. With 
care, this method should give N/10 oxalic acid m which the error is less than I per cent. 

Sod/um hydroxide being very hygroscopic, it is impossible accurately to prepare a 
normal solution directly by weighing the solid. Having N/IO acid at hand, an M/10 
NaOH solution may be prepared by weighing an excess of the subsrance, about 5 Cm. 
Stick caustic sod3, and dissolving it m about 1100 ml. distilled water. By means of a 
pipet, place 10 ml in a beaker, and add 6 drops pHcnolphthalein solution (1 per cent in 
95 per cent a/cohoO- Fill a buret with N/10 oxalic acid, and run it into the NaOH so- 
lution until the violet-pink color is just discharged. It is well to repeat the titration, 
and use an average. Reading the number of milliliters of N/IO acid used, wc an 
calculate the strength of the NaOH solution. If 10 5 ml. of oxalic acid solution were 
required, it would show that the NaOH solution was stronger than N/J0, as only 10 
ml. would have been necessary if it had been of N/IO strength, ft is, therefore, neces- 
sary to dilute in the proportions of 10 : 10.5. To do this, take exactly 1000 ml. of the too 
concentrated NaOH solution, add 50 ml. distilled water to it, mix thoroughly, and 
there is then 1050 ml of N/IO NaOH Calculation: 10 : 10 5 = 1000 : x 

It is sometimes desirable to use carbonate fret NaOH, and this may easily be pre- 
pared by dissolving 100 Gm. C P. NaOH in 100 ml. distilled water* The NaOH 
dissolves completely, but any NasCOa present i< insoluble. Let it settle, or it may be 
centrifuged. Of the clear supernatant solution obtained after sedimentation, 55 ml. dis- 
solved in COz-free water sufficient to make 1 liter will give approximately N/I NaOH- 
Standardize in the usual way Such a solution must be protected from the CO2 of the air 
by storing m a paraffin-lined bottle, the two-holcd rubber stopper of which bears guard 
tubes, and a glass cube for siphonage, the latter being lined and coated with paraffin- 
The guard tubes comprise one containing soda bme (or NaOH solution) and one with 
H2O, and are arranged in senes so that, when siphonage is established, the soda June re- 
moves CO2 from the incoming air, and then the HsO prevents tJie carrying of any alkali 
into the bottle. . 

Water can be freed from CO2 by vigorous boiling for J 5 to 20 minutes (not longer), 
or by aeration for several hours, the air sucked through having been passed throng 
NaOH solution {or soda lime tubes) and water 11 the water is exposed to the a», 
CO2 will again be absorbed, so, it stored , it should be protected by the method described 
for the NaOH solution above, although the paraffin lining of tube and bottle is no 


essential. . • 

Since Acidum Hydrochloncum, U S P, is about t»vo-thirds water (63.1 per cen j, 
order to make N/10 HCI, which would require 365 Gm, absolute acid per Met, « 
necessary to take about three times this amount ot USP. sad. Take ^ _ 

add distilled water to mate 1100 ml. Place 10 ml m a he Act, add 
solution, and titrate. If 11 ml. of N/10 NaOH were required, it would be -Wf”* 
add 100 ml. water to 1 liter of the diluted acid. Calculation: 10 : H ~~ 
acid and alkali solutions can be made in the same way as are those desert c 


D. Determination of Hydrogen-ion Concentration 

The significance of the hjdrogen-ion concentration and 
have already been discussed m the section on Acid-base Equilibrium (P- 
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hydrogen-ion concentration, abbrex iated as [H*j , or C a+> is a measure of the intensity 
of the acidity of a solution, as contrasted with the amount of acid present as determined 
by titration. It is commonly expressed as a fractional part of a normal solution, which 
contains 1 Gm. of H per liter. Thus the [H + | of a 0 01 N solution of a strong acid, 
since most of the H is dissociated, is nearly 0 01 Since the [H* J of the body fluids 
and secretions is low, it is comcnicnt and customary to substitute for these small frac- 
tions the logarithm of the reciprocal of the fraction, i e., the pH. 

Since appreciable although minute amounts of H are dissociated even in strong 
alkaline solutions (die amount diminishing as the alkalinity increases), the reaction of 
such solutions may also be expressed in terms of their pH. The stronger the acid the 
lower the pH, Tims the pH of a tenth normal solution of a strong acid would be ap- 
proximately 10, while that of a tenth normal solution of a strong alkali would be 
nearly 14. 

To measure the pH directly requires electrometric determinations which arc impracti- 
cable for routine purposes. Instead it is customary to estimate it colorimctrically, by 
adding a suitable indicator to the solution and comparing the color obtained with that 
yielded by the same indicator in buffered solutions of sarymg 6ur known pff. 

Indicators. The color change of indicators is dependent upon die IH*], or its com- 
plement, the (Oil" | of the solution, and for each indicator there is a definite range of 
p]] through which there js manifested a gradual change from the full alkaline to the fulJ 
acid tint. Table S3 gnes this range for several indicators, those italicized being the ones 
especially recommended for this work by Clark and Lubs. 


Table 83 

Coma Ounce and »!l Rance of Indicator 


Indicator 


Thymol blur 

Tojifw’i reagent (dimethyl anuno-amlwnrol) 
Bromphrnol Hue 
Congo i til 
Mtlh)l oianac 

hionicrctc,] green 

Methyl ted 
Litmus Ui"Uurun) 

Cochineal 

T'OtntteivI furf/f 

Dromihymol llur 
Nniltil ltd 

I henul ted ( |>hf n»l sul I > >nph ■ lialcin ) 

Cttiol ttJ 
Thymol blur 
Ctfiol fhlkilrtn 

llwtn<4 phthalttn 


Color Change 


U- 2 8 Red 

2 9- A 0 . Red 

3 0-46' Yellow 


30-50 

3 1-44 
40-53 

4 4-60 
4.5- 6 3 
4S- 6 2 


’ Hint 

Red 

| Yellow 

Red 
| Red 
5elKr 


5.2- t. » ( Yellow 

5 5- 63 i Yellow 

6 0- 7 6| Yellow 
6 8-80 'R<d 

6 3-84 ( \illow 

7 2-85 l 5 cllow 
> 0- 9M I Yellow 
*2- 9 S 1 o, Unless 
8J-I0 0 l Colot less 
9 3-10 5 ICuUltu 


[ Yellow 
J Yellow 
I blue 


Yellow 

blue 

Lilac 

I’urple 

blue 
blue 
Orange 
Red 
, Red 


Duffers, fly mixing solutions of proper buifer substances in suitable J'tt.jx.itions, mix 
lures id any denied pH value, nuy be obtained A suitable indicator is chosen from the 
h»t, and a an. ad aJiioi.nl ii added to each of the nuiiuei and to the unknown The 
iciuh is a idles «.f graded standard tint* with one of which ihe tint of the unknown u 
matched \ i&vgh estimate *4 the j H of tl< unknown can he obtained by systematically 
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testing it witti different indicators, since reference to the list will show the pH at which 
their full acid or alkaline cola r may be expected. 

Table 84 gives the proportions in which buffer solutions must be mixed in order to 
produce desired pH values. The citric acid-phosphate series was proposed by Mdhaine, 
but we have slightly varied the proportions in order to secure colorimetric correspondence 
with the buffer mixtures of Sorensen ami of Clark and Lubs. The boric acid, KCJ-NaOH 
series is that of Clark and Lubs, and the resultant mixtures in it are to be diluted to 200 
ml. before use. Use NaaHPOt.lHaO (Sorensen's phosphate) m M/5 strength; M/50 
Citric acid; a solution containing 12.4048 Cm, boric acid and 14.912 Cm KCI per 
liter; and M/5 NaOH. 

The chemicals employed in the preparation of such solutions must be special!? 
purified — a task probably not within the ability of the usual clinical laboratory. The 
NaOH solution must be prepared and stored as indicated on p. 922, We will not give 
the details of this purification inasmuch as the laboratory with the equipment and ex- 
perience necessary for this will haic access to the literature. The buffer solutions add 
indicator solutions arc readily purchasable, and, for the usual laboratory, we would ad- 
use that they be so obtained 

Sorensen's A if !5 phosphate mixtures are also much used for pH range from 5.8 to 8,2 

Dissolve 90S Gm. of KHzPOt to l liter of water. 

Dissolve 9 47 Gm. anhydrous NacHPOi in 1 liter of water . 

Prepare mixtures according to Table 85. 

Procedure. Select test tubes of clear resistant glass, uniform in diameter, by imn> 
during exactly 10 ml. water into each, and selecting those in which it rises to the same 
height. It is well to make permanent marks on these tubes at 5 ml. and 10 ml. Into » 
sericj of these iubes introduce 10 ml. (or 5 ml ) of standard buffer solutions selected 
from the range of the pH anticipated in the solution to be tested. In three additional 
tubes put an equal volume of this solution, ft should be dear, and diluted up to /he or 
ten times with distilled water if highly colored. To each standard tube and ro one rube 
of the unknown add, with a pipet or medicine dropper held vertically, equal volumes of 
a suitable indicator solution and mix 

For the indicators that they recommend Clark and Lubs suggest 5 drops for 10 ml. 
of solution The concentration of the indicator solution should be 002 per cent for 


cresol red, phenol red, methyl red, and cresol pbihaJem; for the others, 004 per cent 
The solutions arc prepared by grinding 0 1 Gm. of the dry dje in a mortar with N/10 

, NaOH, using the following volumes of alkali. For cresol red, 2o 

ml ; phenol red, 3 J ; methyl red, 4.07 , bromphcrwl blue, 1-64, 
‘ - . 1 • bromcresol purple, 2 78; and thymol blue, 2 S3 These are dilute 

■ f ‘ V ' with distilled water to 500 ml to make a 0.02 per cent solution; 

[S ' 5 , r . i to 250 ml if a 0 04 per cent solution is desired. 

3 • Precise determinations require many precautions as regards back - 

M , ( ' ground, source of Ught, exclusion of adventitious light, etc. t is 

jS' 0 \ ' very advantageous to use a wooden comparator block, as illustrate 

■ k ,{ ’% We prefer to use diffuse daylight if possible and to back ibe com 
para tor block with ground glass plate or with thin, plain ung aze 

, t white paper. In colorimetric comparisons the unknow nan start 

i“n solrmoos -urn be ton ccd * regards any factors ter w°M f ‘ 
Tto»C»> >hc nhadc, of color compared. These arc parncnlarly **** 

or turbidity in the unknown solution and the thickness o t e 
columns. To avoid these errors, arrange the tubes m the block thus; In \ * 
spaces next to the observer put the tubes containing the unknown ^ ot, f , lhe 

cator; in the middle space, a tube of water. In the spaces next to the gtp 
middle space the unknown solution containing indicator; in the lateral p 
tubes, changing the latter until the one is found which most nearly matches the 
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Table 84 

Psopoutiov* op Bctfer Solutions Producing DtiimD pH 


pH 

M/S 

Phosphate , 
ml. 

M/10 

Ctmc And, 
ml 

P H 

Bone and- 
KCl, | 

ml. 

M/5 

Xj OH. 
ml 

22 

0 40 

19 60 

78 

50 0 

2 61 \ 

2.4 

124 

18.76 

80 

50 0 

357 \ 

26 

2.18 

17 82 

82 

50.0 

5 90 

2.8 

3 17 

16.83 

84 

50 0 

8-50 / 

3.0 

4.11 

15.89 

8.6 

50 0 


3 2 

494 

15 06 

8.8 

50 0 

16.30 V DlIutc f3ch 

3.4 

5.70 

14 30 

9.0 

50.0 


36 

623 

13 77 

9.2 

50 0 

26 70 ( 200 m1. 

3.8 

6.77 

13 23 

94 

50 0 

32 00 \ 

40 

7.40 

12 60 

9.6 

50 0 

36.85 I 

4.2 

7 99 

1 12 01 

93 

50 0 

40 SO I 

4.4 

8.42 

11 58 

100 

50 0 

43.90 / 

4.6 

8 82 

11 18 




48 

9 50 

10 50 




50 

9S6 

10 14 




5 2 

10 52 

9 48 




54 

1094 

9 06 


1 


56 

11 37 

8 63 




58 ' 

11 85 

815 




60 

12 43 

7 57 

| 



6.2 

12 82 

7 18 




64 

13 22 

6 78 




66 

14 50 

5 50 




6.S 

15.40 

4 60 




7.0 

16 47 

3 53 




7 2 

1712 

2 88 




7.4 

17 78 

2 22 




76 

1845 

155 




74 

18 95 

105 




8.0 

1915 

0.S5 





Table €5 


S/Mstrx'i M/15 PnotriUTi Miirnu w pH lU^ct txdm 54 to R 1 


r» 

20* C. 

M/15 Sa.UPO, 

nt /. 

M/15 KHJ'O, 
ml 

til 

20* C. 

M/i5 Sa,nro t 

ml. 

M/If M/.TO, 
ml. 

58 

80 

92 0 

70 

61 1 

38 9 

59 

90 

91 0 

7 1 

666 

314 

60 

122 

S7 3 

72 

72 0 

2S0 

6 1 

15 3 

64 7 

73 

76 S 

232 

62 

136 

SI 4 

74 

10 5 

19 2 

6 J 

22 4 

77 t> 

7.5 

S4 1 

15 9 

6 4 

26 7 

73 J 

76 

67 0 

130 

l 5 

31 J 

632 

77 

694 

10 6 

66 

37 5 

62.5 

78 

91 5 

S 8 

67 

4J5 

56 5 

7.9 

932 


6S 

49 6 

50 4 

*0 

94 7 

53 

69 

55 4 

44.6 

S.l 

95 S 

42 
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the unknown. Interpolate if necessary. One must not rely on a color match with the end 
tube of a standard senes. The result must be checked by using another series so selected 
that the pH of the unknown falls well within its range. 

It is imperative that the glassware be chemically clean, that the chemicals used be 
the purest obtainable, and that the distilled water be neutral and free from CO 2 If the 
standard solutions are sealed m ampules of resistant glass having exactly the same 
diameter as the tubes used for the unknown solutions, and if they are kept in a dark 
cool place when not in use, they may usually be used for several months or more, but 
the colors should be checked occasionally. 

Examination of Urine. The pH of the urine changes very rapidly on exposure to the 
air, because of the escape of COa. To get really accurate determinations it must be pre- 
sen ed (and if possible be collected) under oil, and examined under oil. In a tube put 
8 ml. distilled water, add the indicator solution, and cover with oil. With a pipet intro- 
duce 2 ml. of urine, keeping the up of the pipet under the surface of the water. Then 
proceed as above. The usual pH is about 6, the range being from about 4.8 to 7.5. 
Bromcreso) green or purple may be used for acid specimens, br omphenol blue for average 
acidities, and phenol red for alkaline specimens. 

Bicolor Method. The bicoior method of determining the pH has many advantages 
over the use of buffer solutions. The standard solutions are more permanent, arc less 
a fleeted by variations of temperature, and errors due to impurities in the buffers ore 
eliminated, although pure indicator solutions are essential. The method has been 
elaborated by Gillespie and by Hastings ec al. (1925) and applied to determinations of 
the pH of the urine and blood plasma, and it yields accurate results (For details con- 
sult original article or Peters and Van Slyke; Quantitative Clinical Chemistry.) 

Table 86 


Dki£J*Mifv.vr;o\s of pH Values with Bicolor Method 


Drop Ratio i 
(front Bach) i 

: 


pH Values with 


Methyl Red 
(0008%) j 

Brontciftol 

Purple 

10 012%) \ 

Phenol Red 
(0004%) 

Thymol Blue 
(0008%) 

I .9 

} 4 05 

53 

6.7> 

785 

2 8 

4 4 

57 

71 

82 

3:7 i 

t 46 

59 

73 , 


4-6 

1 48 

61 

7.5 


5.5 

50 

63 

77 



( 52 

65 

79 


7:3 

1 54 

6.7 

8.1 



56 1 

6.9 

83 


9.1 ] 

! 5 95 j 

7.2 

8 65 



Barnett and Chapman introduced a relatively simple procedure which illustrates 
principles of the method and is sufficiently accurate for most practical P«rp^«- 
Place 18 test tubes in rack in 2 rows of 9 each. Beginning at the left 1 
row, pbee 1 drop of indicator ffl .he for robe Z m the second, and ■»«** "'‘S 
m each succeeding tube as one passes to the right. Treat the rear rtnrs * , j 

at the ripht and pass to the left To each tube in the from rout, add I dr op l 
drops for the thymoi-Wue senes) N/20 NaOH, to each tube ,n the MiZ 

W» HCl (use i drop 2 per cent KH-PO. for thymobblue senes msrcai o BOX ™ * 
tubes to Sml level with water. Thts standard senes is v.e»ed from be fr»» ^ ^ 
manner that the line of vision traverses mo tubes-one m the front to 
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ncr in the rear row — the total amount of indicator in each pair being 10 drops. The 
composite colors form a graded scries, and the preceding able shows the phi values 
represented by each pair, The meth)l red solution is prepared by grinding in acid free 
alcohol until dissolved, and then diluting 3 volumes with 2 volumes of HaO. The 
preparation of the other indicators is given above 
In a tube containing 10 drops of indicator solution put sufficient of the unknown 
solution ( to bring die volume to 5 ml and mix Put in a comparator block and back 
with two tubes of water. Also put a pair of standard tubes in the block and back with 
a tube containing the unknown solution without indicator Change the pairs of standard 
tubes until a pair is found which matches die color of the unknown. Since this pro- 
cedure necessitates looking through three tubes m senes, the openings for inspecting 
the tubes must be drilled lengthwise through the comparator block. 


£. Cbforimctrtc Determinations 

There arc two types of visual colorimeters in general use; m one, the plunger tjpe, the 
intensity of the colors of the two volutions is matched by varying the depths of the solu- 
tions; in the other this is accomplished by diluting one of the solutions, the depth of the 
fluid traversed by the hne of vision remaining constant. 

H’ilh the plunger t)pc the relative concentrations of the substance will vary inversely 
as the readings (depths), and die calculation follows the general formula. 


in which S and U are, respective!), the readings of the standard and unknown solutions 
when Colors arc matched, F is a factor, and ,\ is the result sought. F is constant under 
the conditions of each determination, and its value is determined by three consider 
lions, viz, (l) The astual amount (in terms of ,Y) of substance (nitrogen, uric acid, 
sugar, etc ) used in preparing die standard mixture, (2) the relative volumes to which 
unknown and standard have been diluted, and (3) the relation of die ettuj amount of 
substance (blood, urine, etc ) used in preparing the unknown to the terms in which we 
desue to express ,Y 1'or example, take die calculation for nonprotcin nitrogen of blood 



Tjjvs «( cW.wtct (I) Mien, (2) (i) (PeUui). (t) r*rsc<I.»t (Cmu* 

«»r, A ft Tfr-uus C>.) 
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bloo/’ S and U determined * and wc are to ex P rcss X as milligrams per 100 ml. 

S n , 50 IOO 5 

X 0.3 X — X~ = - 7T x 30; 


100 0.5 ~ U 


: milligrams nonprotein nitrogen per 100 ml. blood. 

(I) We have used 0 3 mg. nitrogen (not ammonium sulfate) ; (2) standard is diluted 
to 100 ml. and unknown to 50 ml.; therefore multiply by ^oo (or divide by 2); (3) 
. — 5 ml. filtrate represents 0.5 ml. whole blood, and X is 

to be expressed in terms of 100 ml. 

I l) With thc d,lution { ype of colorimeter, the same 

I I N/ r \ \ reasoning applies, but we have here a direct proportion, 

and the general formula for thc calculation becomes 
U X F = X, if, as is usually the case, it is thc unknown 
solution which is diluted. 

It has been advised usually to set the standard solution 
at a fixed point and vary the depth of the unknown to 
match it. The calculation may be simplified by setting 
the unknown at some appropriate height and varying thc 
depth of the standard. In the example above, e.g., if thc 
unknown is set at 30, the reading of the standard gives 
the value of X directly. 

Permanent standards of tinted glass or of stable 
solutions for practically all the examinations can be 
purchased, but very few are satisfactory. It is usually 
preferable to prepare the standard at the time of the 
test, using the same reagents as far the unknown. 
Standard and unknown solutions should be handled 
in thc same way and finished practically simultaneously. 
In using a colorimeter take precautions against retinal 
fatigue and adventitious light. Adjust the scales if 
necessary so that they read zero when the cups are 
elevated so that they just touch the plungers, or deter- 
mine a correction factor. Make sure that thc fields are 
equally illuminated and check by reading the standard against itself. If the field is 
divided by a line, this bne must be sharply focused and the halves of the field made 
equal in area. 

If a regular colorimeter is not available, Nesslcr tubes or even graduated cylinders or 
test tubes can be used quite satisfactorily for approximate results provided their in- 
ternal diameter is identical, the length of the column of fluid being measured by a 
ruler. , 

Photoelectric Colorimeter. The principle on which the use of this type of instrument is 
based depends upon the fact that when a photoelectric cell is exposed to light a fee e 
elcctnc current is generated which is proportional to the intensity of the light and cin 
be measured with a sensitive galvanometer. If a tube containing a colored solution is 
interposed between the cell and the light the intensity of the light reaching thc ce *** 
duced, and there is a corresponding reduction in the strength of the current, 
denser the color, the less the light reaching the cell, and the more the current is rc u« • 

It is thus possible to compare the color of an "unknown” solution with 
standard solution containing a known amount of the substance to be measure * 
comparativ e density of the colors is expressed by a logarithmic and not a simp c 
metic ratio between the strengths of the currents. „„k,nnmetcr 

Owing to the technical difficulties and expense involved in constructing a g . 
sufficiently sensitive and accurate for this purpose, many of thc instruments now 



Paraffin Olh 
Polassjuo Oxalate- 
Tube used in collecting blood. 
(/ Biol Chem . 30.289, 1917.) 
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are provided with two identical photoelectric cells so arranged in scries with one another 
(and with a galvanometer and a calibrated variable resistance) that when the cells arc 
equally illuminated and the instrument is properly adjusted, the currents produced by 
the two cells balance each other and there is no flow through the gahanometcr. If a 
tube containing a colored solution is interposed between the light and one of the 
cells the current produced by dns cell is reduced, the balance is upset, and a current 
will flow through the galvanometer. By adjusting the variable resistance the balance is 
restored 3nd the galvanometer reading is brought to zero. The instrument is provided 
with a scale indicating the resistance m the circuit, and if the calibrations on the scale 
are spaced logarithmically, as in the Klctt Summcrson colorimeter, and proper precau-' 
lions arc observed, the density of the colors is directly proportional to the scale readings, 
and no calibrated curves or charting on special semi logarithmic paper are necessary We 
have found tlus instrument simple, convenient, and adequate for the usual routine 
laboratory procedures 

In order to secure the necessary sensitiveness and aecuracv, it is essential to insert a 
suitable light filter of colored glass between the light and the photoelectric cells As a 
rule this should be one which removes most of the light except that fraction which is 
specifically absorbed by the solution being measured. Thus, if a red solution is being 
examined, which absoibs blue light but leu red come through, a blue filter should 
ordinarily be used to absorb the light in llie lower (red) end of the spectrum. Tins in- 
creases markedly the dilfcrcncc tn the scale readings obtained with two similar red 
solutions of different density and increases the sensitiveness of the instrument cor- 
respondingly A similar advantage may be obtained by using such filters with visual 
colorimeters, but this is not ordinarily done in routine work. The proper filter vanes 
with the solution to be tested and musr be ascertained, cither from the directions for 
use issued with the instrument employed, or elsewhere If this is not certain, a test 
should be made with a number of different dilutions of known strength, and each read 
with several different filters. That filter should be chosen which gives readings which 
are most nearly proportional to the known quantities of material present For most 
ordinary dctcrmina lions with the Klctt Summcrson colorimeter, three filters suffice: a 
blue filter with a special range of about 400 to 465m*s; a green filter with a range of 500 
to 570mp; and a red filter with a range of 640 to “OOm^. For certain determinations a 
spccul filter with a diJfcrcnt or more restricted range may be necessary. Readings high 
on die scale (above 400 to 500) are not accurate, and should be lowered cither by 
Using smaller quantities of the material to be measured or by a different filter. Certain 
precautions must be observed in adjusting and using the instrument, which vary with 
the type of instrument and should be ascertained from the directions issued with it. 

It it jwsublc to construct a calibration curve, using several dilfcrent dilutions of the 
standard of known strength and charting the results obtained Subsequent tests with 
unknown solutions can be read directly from such charts widioui using a standard 
toluUon for cacli test Tins is dej>cnd.ihle only if the technic it so sundardired by long 
practice that it it precisely repeated in every essential detail in every test. In the average 
laboratory where routine icvis arc nude tins is usually impracticable. It is far safer to 
vet uj» a standard solution with each test, as minor differences m technic will ordinarily 
affect the standard and unknown solutions proportionately. The same objection ap- 
plies to the use of colored glass standards or similar makeshifts. If such curves are used 
for sj*ceial reasons, the technician must practice with standaid solutions until essentially 
iJcniKal Kale readings can icgulariy be reproduced. New darts must be prepared with 
cash new batch of reagents or other apparently ir..n<ir change in procedure. 

The chief advantages of this tj|< of colorimeter arc tlat readings can be nade much 
ionic quickly and that accurate readings can l-e made with solutions too pate to read 
with a visual colorimeter. Determinations can therefore be nude with smaller amounts 
i i material The photixlcvtisc cuUrmictcr also ebuates errors due to retinal fatigue 
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or difficulties some individuals have in matching colors closely. The other potential 
errors inherent in colorimetric procedures remain, and results obtained are not neces- 
sarily more precise or dependable than those obtained with a visual colorimeter If the 
solutions arc in the slightest degree turbid, opalescent, or "oft color,” the error will 
be as great or often greater than w ith a visual colorimeter. 


F. Anatomic and Physiologic Normals 

In examinations in the pathologic or chemical laboratory the following may be con- 
sidered approximately as normal findings; 

I. Anatomic Normals. Averages. 

Adrenals Length, 24 to 2.8 inches (6 to 7 cm.). Breadth, 1.2 to 1.4 inches (3 to 35 
cm.). Weight, 0.17 to 0.21 ounce (5 to 6 Gm ) each. Left usually larger. 

Aorta Length, varies, 17 to 20 inches (42.5 to 50 cm.). Thickness of wall, 0.06 to 0.08 
inch (1 5 to 2 mm.). Diameter, 0.75 to 1.25 inches (1.7 to 3 cm.). Weight, 1.2 to IjS 
ounces (35 to 45 Gm ). 

Appendix Length, quite variable, 3.5 to 4 inches (9 to 10 cm.). Diameter 0.25 inch 
(6 mm.). Weight, 0 25 to 0.5 ounce (7 to 14 Gm.). 

Bidder. Capacity, 16 ounces (500 ml.) when normally distended. Thickness of wall, 
0.1 inch (2 5 mm.) Weight, 1 to 2 1 ounces (30 to 60 Gm.). 

Brain. Weight, female 44 to 45 ounces (1250 to 1275 Gm.); male 48 to 51 ounces (1365 
to 1450 Gm). Length, 65 inches (16.5 cm.). Transverse diameter, 55 inches (14 
cm.). Vertical diameter, 5 inches (12.7 cm.). Dimensions in female arc 0.4 inch (l cm.) 
less. 


Esophagus. Length, 10 to 12 inches (25 to 30 cm.). Diameter of lumen, 1.25 inches 
(3 cm.). Thickness of wall, 0.3 inch (8 mm.). Weight, 1.4 ounces (40 Gm.). 

Fvllopian Tubes Length, 3 to 5 inches (7.6 to 12.6 cm.). The right usually the longer. 
Diameter of lumen averages 0 1 inch (2.5 mm.). 

Gall-bladder Length, 3 to 4. inches (7.5 to 10 cm.). Diameter, 1 to 1.25 inches (2 5 to 
3 cm ). Thickness of wall, 004 to 007 inch (1 to 2 mm.). Capacity, 1 to 1.5 ounces (30 
to 45 ml.). 


Heart Weight, female 8.8 to 98 ounces (250 to 280 Gm.), male 9.5 to 12.7 ounces 
(270 to 360 Gm,). Length, 4 5 to 5.5 inches (11.5 to 14 cm ). Breadth, 3 to 4 inches 
(7.5 to 10 cm ). Thickness, 2 to 3.1 inches (5 to 8 cm.). Thickness, wall left ventricle, 
0 35 to 0 47 inch (9 to 12 mm.), right ventricle, 0.1 to 012 inch (2.5 to 3 mm.). Cir- 
cumference, mitral orifice, 4.1 to 4.3 inches (10.4 to 10,9 cm ) Circumference, n> cus P l “ 
orifice, 4 7 to 5 inches (12 to 12.7 cm ). Circumference, aortic orifice, 3 to 3.2 inches (7.7 
to 8 cm ). Circumference, pulmonary orifice, 3.4 to 3.6 inches (8.5 to 9 cm.). 

Intestines. Small intestine, length, 22-5 ft. (6.75 meters); % jejunum and % ikum 
Diameter from 1.85 inches (47 mm.) in duodenum to 1.06 inches (27 mm.) at the en 
of ileum. Large intestine, length, 709 to 76.8 inches (180 to 195 cm.). Duodenum, 
length, 10.2 to It. 2 inches (26 to 28.5 cm.). , . 

Kidneys Weight, left, 5.3 ounces (150 Gm.), right, 5 ounces (140 Cm). Thickness o 
cortex, 0 4 inch (l cm). Length, 4.5 inches (11.5 cm.). Breadth, 250 inches 
cm.). Thickness, 1.25 inches (3.2 cm ). The left longer and the right thicker 
Liver Weight 50 to 60 ounces (1440 to MO Cm) Greatest transverse diameter, 
to 9 5 inches (20 to 24 cm ). Greatest anteroposterior diameter, 3 9 to 5.9 inches flu to 
cm.). Vertical diameter, 5 to 6 inches (12.7 to 15 cm.). , 

Lungs. Weight, combined, 36 to 45 ounces (1020 to 1290 Cm) Weight, male, right 
lung, 24 ounces (6S0 Gm ), left lung, 2! ounces (600 Gm.). Weight, i femal te, ■ * * 

17 ounces <480 Gm ), left lung, 14 8 ounces <420 Gm >. Length, 10 to *2 mch 
30 cm.). Anteroposterior diameter at base, 7 to 8 inches (i7.5 to 20 c ) ^ 

diameter at base 4 to 5 inches (10 to 12 7 cm.). The right lung is ******* 
thicker than the left. Dimensions in the fc male average 1 mch lO cm ) 
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Mammaxy Gland. Weight in adult, 5.25 to 7 ounces (150 to 200 Gm.). Weight during 
lactation, 14 to 31 75 ounces (400 to 900 Gtn ) 

Ovaries Weight (each), 0.12 to 0.25 ounce (4 to 8 Gm.). Length, 1.5 inches (3.8 cm.). 
Breadth, 0.75 inch (15 cm-). Thickness, 05 inch (1 2 cm.). 

Pancxlas. Weight, quite v amble, 2.1 to 4.8 ounces (60 to 135 Gm.). Length varies, 

■ ■ ■ ■ ■ . > to 7 mm )• Breadth, 0 15 to 0.17 inch (3 to 

■ .. - .. 2 mm ). 

Pimm. Gland. Length, 0.4 inch (l cm.) Breadth, 0 2 inch (5 mm.). Thickness, 0.2 
inch (5 mm ). Weight, 3 gr (0 2 Gm ) 

Pitlitaxy Body Length, 03 inch (8 mm.) Breadth, 0 5 inch (1.2 cm.). Weight, 5 to 
10 gr. (0 3 to 0 6 Gm ). 

Paostati. Weight, 08 ounce (22 Gm ) Length, J 25 to J.5 inches (3.1 to 38 
cm ). Breadth, 1,5 to 1.75 inches (3 8 to 4 5 cm ) Thickness, 1 inch (2 5 cm ). 

Salivary Glands Parotid, weight, 0 8 to 1 ounce (25 to 30 Gm.) Sublingual, weight, 
0 06 to 009 ounce (2 to 3 Gm ) Submixillary, weight, 0 25 to 0 3 ounce (8 to 9 Gm.). 
Seminal Vesicles Length, 2 inches (5 cm ) 

Spinal Coxu Length, 18 inches (45 cm ) Weight, 0 9 to 1 ounce (27 to 30 Gm.). 
Transverse diameter averages 0 5 inch (12 cm). Anteroposterior diameter averages 0.4 
inch (9 mm.). 

Spleen Weight, 5 5 to 69 ounces (155 to 195 Gm ) Length, 4 to 5 inches (10 to 12J 
cm ). Breadth, 3 inches (77 cm ) Thickness, 1 to 1 5 inches (2.5 to 3 7 cm ). 

Stomach Capacit), 1 to 2 quarts (1 to 2 liters) Thickness of wall, 0.25 inch (6 mm.). 
Weight, 4.5 to 6 2 ounces ( 125 to 175 Gm ). 

Tistes Weight, 065 to 0 8 ounce (20 to 25 Gm.) each Length, 1 5 inches (3.8 cm.). 
Breadth, 1 inch (2 5 an ) Thickness, 0 8 inch (2 cm.) 

Thoxacic Dlct Length, 15 to 18 inches (37 5 to 45 cm ) 

Thymls Gland Weight at birth, 0 5 ounce (13 7 Gm.) and increases to 09 ounce (26.2 
Cm.) at end of second year when it gradually decreases until gland disappears. Dimcn- 
uoiu at birth, length, 2 4 inches (6 cm ), breadth, 1.5 inches (3.7 cm.) and thickness 
0 25 inch (6 mm) 

Thsxoid. Transverse diameter, 2 4 to 2 8 inches (6 to 7 cm). Height, 1.2 inches (3 
un.). Weight, 1 to 1 4 ounces (30 to 40 Gm ) 

CsLiikt Length, 11 2 to 12 inches (28 to 30 cm ) Slightly longer on left side and 
longer in male. Diameter of lumen varies, averages 0 I inch (2.5 mm). 

Ukstiua Male Length, 6 4 to 8 25 inches (16 to 20.6 cm ). Prostaiic, 1 to 1 25 inches 
(2.5 to 3 1 cm ). membranous, 0^ to 1 inch (l 5 to 2.5 cm ) and the anterior 4 75 to 6 
indies (12 to 15 cm ). female Length. I 5 inches (38 cm ) Diameter of lumen averages 
U 25 lo 0 4 inch (7 to 10 mm ) 

Uteris. (Virginal) length. 2 8 inches (7 cm ) Bread ill, 1 6 inches (4 cm.) Thickness, 

1 meb (2 5 cm) Weight, 1 4 lo l 8 ounces (40 to 50 Gm ) The dimensions of a 
multiparous utcruv are cadi increased I cm or more and the weight is increased 0.7 
ounce (20 Gm ) Ixngih of cavity »n virgin, 2 inches (5 cm ), in muluparac, 2 25 inches 

(5 7 cm) 

Vai ina Length, 3 to 3 5 inches (7 6 to 8 ‘>011) The ja.Menor wall is stighlly longer 
than the anterior 

l!. l > h)siotogic Normals (Adult). 

(Value* aie in mg j^c IW ml wl«>lr blond unless otherwise noted ) 

Si<uf»e gravity 1 041 w I 067 (l 02f» to | 032 (or scrum) 

Kcaiiu.it (see )* 79a) pH 7 3 to 7 5 

Told wild* 19 to 23’ , 

1 leimvlubin 15 6'i (by weight) (female*. 14 2* ») 
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,, . .. 3.8to52/ 0 

Serum albumin . •• • 2.0 to 3.5% 

Serum globulin gr % 

~ s- . -3 CO/ 


Fibrin 

Total nitrogen • • 

Nonprotein nitrogen 

Urea nitrogen 

Amino-acid nitrogen 

Ammonia nitrogen 

Unc acid (Folin-Wu method) 

“Creaumne" 

Creaune ,v 

Sugar (Folb-Wu method) 
Chlorides (as N» cl ) . 

Fat (Bloor’s fat method) ■ 
Cholesterol (Bloor’s j ' 

Lecithin (Bloor s lecithin ) • 
Acetone bodies 
Bicarbonate (plasma) 

Oxygen capacity 
CO 2 tension (arterial) 

Calcium 

Magnesium 

Sodium 

potassium HaPO*) 

phosphorus, total (» 
Phosphates, motgamc (as P) 
Sulfates (as S) 

Diastase (sec p ”•) 


So 3.5% (plasma, 0 6 to 1.1%) 

25 to 39 (plasma, 20 to 30) 

12 to 18 

6 to 8 (plasma, 4 to 7) 
about 0.1 . 

2 to 3 (extremes, 1 to V 

1 to 2 R . 

3 to 5 (plasma, 0 to 3.8) 

70 to 120 (60-100 true) 

450-500 (plasma, 580 to 620) 

about 600 

140-210 

30 (plasma, 22) 

53 to 75 vol. % COz 
20 9 vol. % 

about 40 mm. Hg j j Q) 

5 3to 6 8 (serum o. plasma, 9.0 tn 

2 3to 4 (serum or plasma, 16 to 3 0 ) 

170 to 225 (strum or p asma, 310) 

,5 J to 240 (serum or plasma, 18-21) 

about 120 (plasma, 35 to 40) 

(serum) 3 2 to 4.3 
0 5 to 1-0 
8 to 64 units 


ilfatcs (as a; 8 to 64 unu* 

lastasc (see P 797) • ••• are mg. per 100 ml. unless 

Ctat.aost.mnt. Ftuto (see P 749). 

noted ) 

Specific gravity 
Pressure 
Strum albumin 
Serum globulin 
Nonprotcm nitrogen 
Urea nitrogen 
Creatinine 

Sugar 
Chlorides 


i3££-7w»- B:0 

about 6 
20-30 
15-35 
10-15 
1-2 
50-80 
720-750 


ComtNTS (see normal acidity curve, 
"rate F^ldtes. meal- 


Reaction 

Quantity 

Total acidity , 

Free hydrochloric acid 

’’Tenduum (fastmg) : 
Quantity 
Total acidity 
Free acidity 
pepsin •• ’ 


pH 0.9-1-6 
40 to 50 ml 
40 to 80 
25 to 50 

64 to 256 Mett units 

20 to 100 ml. (rarely I5°> 
10 to 50 
0 to 30 
3 (Mett) 
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Trypsin 

Bile 

Gastric mucus 


7 (Spencer) 

present in about GG% of cases 
traces 


Duodenal Contents (see pp. 867-863). 

Uum. (24 hour specimen; s alucs in Cm, unless otherwise specified): 


Quantity 

25 mi per kg body ss eight 

Specific gravity 

1 015 to 1 025 

Reaction 

acid to litmus (pH 4 8 10 8.0, average about 6 0) 

Total solids 

55 to 70 

Total nitrogen 

10 to 16 

Urea 

10 to 40 (supplies about 85% of total N) 

Uric acid 

0 2 to 2 

Creatinine 

1 to 1.5 

Ammonia 

05 to 1 2 (see Nila quotient, p. 839) 

Ifippuric acid 

06 to! 

Albumin (see p. 823) 


Chlorides (as NaCl) . 

10 to 15 

Sulfur (as HsSQt) 

2 to 2.5 

Phosphorus (as P 2 O 5 ) 

1 to 5 (about 90% of phosphates are acid phosj 

Calcium (a* CaO) 

0 1 to 0 6 

Magnesium (as MgO) 

0 2 to 0 6 

Acetone bodies 

about (0 mg. 

Sugar (sec p. 833) 


Feces: 


Ascrage daily output, moist feces 

(Hawk) i!0Gm._ 


HO to 170 Gm. (25 to 45 Gm. solids) 
to 350 Gm (about 75 Cm. solids) 


1 50-250 mg. 
90-130 mg. 
50-100 mg 
10- 20 mg. 


24 hour amount on ordinary mixed diet 
24 hour amount on vegetable diet 
I'atty substances (averages expressed as per 1 Gm dried feces): 

Total fat 
Total fatly acid 
Total soap 

Total neutral fat 

Rlvpiiation: 

Alveolar air: 

Oxygen 14.5% 

Carbon dioxide about 5.5% (35 to 40 mm. COi tension) 

Niuogen 80% 

A»r hunger in dubetes or (lironic nephritis begins only when COj tension lux fallen 
n» 20 or 25 nun 


G. Important Diseases and Injuries Due to Toxic Plants 
Ache* (Akee) Poisoning (Vomiting Sickness of Jamaica). This disease is caused by 
rating the unripe fnitt (“akee**) of the tree Wig Au ufiJj. This uce is common in the 
West Indies, aldiough it is Lehesed to hate been imported from West Africa. The 
t»;<e, rutuially «>;>ened fruit it lurmlcss and is valued as a food According to Scott 
(Mi) poiwanng is caused by eating fruit which is not ripe, which Ins been picked 
from a dead lunch or injuted nee. oe which lias lam upon the ground Illness begin* 
».uirly about two limits after ingeunm with abdominal pa.n and vomiting After a 
itimw-m id a few l.outs that is a tccurrcncc id ton unrig and in the severe cases 
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convulsions, coma, and usually death. The poison is in the anllus (outer coat) of the 
frust and according to Jordan and Burrows (1937) in the seeds. Evans and Arnold 
(1938) obtained from unripe anlli a saponin which was hemolytic, and highly toxic 
for kittens and guinea pigs in which it produced hemorrhages and fatty degenerate 
changes, particularly in the liver and kidneys. Arilli from fully opened fruit were non- 
toxic for these animals and nonhemolytic. The toxic cficct is cumulative when sublethal 
amounts arc taken at daily intervals. In the Wrt Indies many deaths have been at- 
tributed to akee poisoning, but it seems evident that similar symptoms may follow 
the ingestion of oilier irritating or poisonous foods 

Arrow Poisons. Many primitive people add poison to the physical injury produced 
by their arrows. Although animal secretions, particularly snake venoms, have been used, 
they arc inferior in effect to the vegetable poisons. In some arrow poisons snake venom ts 
combined with the plant extract, but as the venom is often treated in such a way as 
to destroy tile toxins, the effect must be due largely or entirely to the vegetable poison. 
Materia! of bacterial nature is also used, particularly the tetanus bacillus, but most of the 
potent arrow poisons arc v egctal. 

Acocaktueka. Tins genus of the Apocynaceae includes several species which furnish 
a powerful poison widely used by the African natives. A decoction is prepared from 
the wood or roots, evaporated over a fire to a syrupy consistency, and painted over the 
heads of arrows. The active principle is ouabain, a glucosidc related to those in digi- 
talis, which speedily causes death from cardiac failure after a brief jKriod of rapid 
irregular pulse, dyspnea, and often convulsions. 

StxopiiaNthls Several species of this genus, also of the Apocynaceae, have been 
used by the African natives to produce arrow poisons. At least two species, S. tartnen- 
to un and S grants, arc found in Liberia, growing as bushes with striking pink 
pcntaclc-hkc flowers. The seeds arc cooked in water, the extract evaporated to a 
syrup, and often mixed with the heads of snakes and sometimes with a little vegetable 
resin. The active principle, strophanthin, is a glucosidc closely related to ouabain, and 
causes death from injury to the heart muscle. Both drugs have been used in small 


doses as cardiac stimulants as a substitute for digitalis. 

Strvciinos The prircipal arrow poison of the Amazon river tribes, curare, is ob- 
tained by extracting tiic bark of various species of Strychnot According to A. Hamil- 
ton Rice, the sheath or rind of a vine, called Ilary-cipo ( S . toxifera, etc.), is macerated 
and triturated, boded with a little water, and put into a lipiti press made from the jacitara 
palm ( Detmonctit macroaranthut ) . Tins is allowed to exude slowly, then boded to the 
consistency of an unguent and stored m little pots. Into this curare arc dipped the 
Ups of the slender darts made from the footstalks of the pataua palm {Otnocarfut 
bataua ). These arc used tn blow pipes made from the paxiuba palm (Irurtea teltgtrih 
Curare contains two alkaloids- curarine, which paralyzes voluntary muscles by ^inter- 
rupting connection with the peripheral nerves at the motor end plates so that the ani- 
mal lies helpless on the ground, and curine, which paralyzes the heart. 

Certain Malay tribes use poisons from this genus which seem to contain sU J c ^ 
and brucine as well as curarine, and may cause convulsions as well as paralysis- \c 
poisons used by certain Himalayan tribes have aconite as a base Hyoscyamut } e* 
(Solanaccac) has been employed by some of the natives in the intenor of A rica a 
by the Tuaregs of live Sudan. Like ouabain it acts as a cardiac poison, althougn 
contains hyoscyammc and scopolamine. 

The sap and seeds of other species such as Cerbera adollam and Theicti / 
and in India the sap of Antians toxicana have been used as arrow poisons, a 

powerful cardiac poisons ... .• „ „ r -,i Atriplex 

Atriplidsm. In North China poisoning has followed the ingestion of ’ . tflC 

huoralu. which glows m gardens around PeU. and which is by a mall 

very poor in times of famine. It has been claimed that the poisoning is caused oy 
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insect often present on the weed. About 15 hours after ingestion there appears itching 
of the fingers, quickly followed by swelling and discoloration. This swelling extends up 
the backs of die hands and outer surface of the forearms. The face also becomes 
swollen so that the eyelids may be closed, and the nose becomes cyanosed and cold 
The swollen parts may ultimately develop blisters and ulcers Later the finger tips may 
become gangrenous, as in Raynaud’s disease According to Yang (1940) symptoms do 
not appear unless the individual is exposed to bright sunlight, and as the lesions are 
limited to exposed areas, he and also Uyky regard the cutaneous lesions as a photosensi- 
tive dermatitis. 

Cannabis Indica. This plant, Indian hemp, is the source of a senous drug addiction 
in Central Asia. In India the forms of the drug generally used arc: “gangah,” the dried 
(lowering tops, which arc smoked mixed with tobacco, "bhang,” a mixture of die 
dried leaves and capsule, which is made into decoctions and is the cheapest form of the 
drug; and ”charas,” the resinous exudate obtained from the cut female heads of the 
plants. This latter is the most expensive and concentrated of the preparations In Arabia 
a confection is made from charas and is known as ’hashish” It is sometimes mixed 
widi extracts of different Solanaceae such as datura and nux vomica, and in tins form 
is said to be taken daily by millions of the inhabitants of Asia and Africa, although 
stringent regulations against its sale have been made in some localities The drug gives 
a feeling of wellbeing, followed by hallucinations of sight and hearing, often of a 
sensual character This is followed by dimness of vision, drowsiness, and stupor. Addicts 
may become insane 

Cannabis Saliva. The name “marihuana’ hav been given in Mexico and the United 
Slates to the flowering tops of this hemp plant, a member of the flax family which is 
widely cultivated in the United Slates and elsewhere for its fiber It also grows wtld as 
a weed The flowering tops, especially those from the pistillate (female) pljnt, arc 
smoked in India under the name "gangah ” In some instances an extract it made from 
the tops and used to impregnate tobacco cigarettes In the l nited Mates hemp cigarettes 
bear various other names, such as reefers, muggles, the weed, etc 

The intoxication, which may arise from smoking a single cigarenc and may come on 
within about an hour, it charactcnrcd i»> excitement, mental confusion, talkativeness, 
and often spelts of "hysterical” laughter Visual hallucinations ansi sexual illusions are 
also features of the intoxication Although euphoria is cxjscnenccd, at the same time 
there is anxiety which may lead to ideas of suicide Many of the patients treated in 
hospitals show psyclmncurotic trails and the type of personality in which use of a drug 
for the pleasurable phases of its action is likely to be manifest True addiction apparently 
does not occur, since neither an increase in tolerance nor withdrawal symptoms have 
been clearly demonstrated In some eases, however, opium derivatives have been added 
in order to create an opium addiction 

There is general agreement that marihuana cigarette smoking brings about weaken- 
ing of restraint and impairment of judgment, and it would seem that the excuauon of 
sexual illusions might well lead to sex crimes or reckless indulgences Many instances 
have hern cited nt homicidal attacks by persont when under the influence of marihuana. 
Bromberg (WO, however, in reporting his study of this addiction at Bellevue llov 
pital, cpiestiunt whether it predisposes to crime, stating iliat no caves of murder or 
scvual crime were established as due to marihuana in f,7 trials in the U. S. County 
Court of Ccncr-1 Sessions 

The use of manhuana seems frequent in underworld resorts ami lu» l*en icjxjrud 
amirfig the better social daises. The dangers attending the u»e of the drug, especially 
by young JkojIc in the public schools, were first cn pha'i/cd in New Orleans about 
l'Ofs, and a federal law nuking the use t4 cannabis illegal wav passed in V>\1 In his 
l>i».k * Mardts-ana * Walton Males ”1 he s.iuaii -n iv of the utmost gravity and 

is M»e w hi, h calls fi-f drastic mean res uf ciadn an. n.” 
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Dcrnutilu Venenata. There are a s reat many plants in various parts of the woild 
vhich cause various tjpes of dermatitis — erythematous, vesicular, or urticarial. The 
best known of these plants belong to the Rhus family. In the United States by far the 
most common cause of plant dermatitis is poison ivy, Rhus toxicodendron, and the closely 
related variety called “poison oak.” The poison sumac, Rhus vemix, in the north- 
central and northeastern states, and poison wood, Metopium toxiftrum. In the extreme 
southeast, produce a similar, often more severe dermatitis. For poisoning to occur, there 
must be direct contact with the plant — the idea that a volatile poison is given off is 
erroneous. The plants seem more irritating when wet than dry, and a moist skin is more 
susceptible than a dry one. 

The exciting agent is an oil, toxicodendrol, and in susceptible persons a minute 
amount (Mouo ntg.) can produce dermatitis. There arc marked individual differences in 
reaction to these plants, and susceptibility is generally believed to be due to a form of 
allergic hypersensitiveness. Repeated attacks do not seem to confer immunity. Striking 
clinical improvement and diminished susccptibiliy have been reported following treat- 
ment with a senes of injections of Rhus extracts. The extracts are solutions in a 
vegetable oil of substances extracted from the fresh leaves of the plants. 

Following exposure the skin should be scrubbed with soap and water. Alcoholic or oily 
solutions spread the inflammation. 

In Japan the lacquer from Rhus rermcijera causes a cutaneous edema affecting the 
face and extremities, which is followed by a papular eruption. 

In the Umted Sutes there arc many other plants capable of causing dermatitis 
Among these arc the parsnip (Pjstmjca satua), the lady slipper (Cypripedium), spurges 
(Euphorbia) and the primrose (Primula), particularly when in blossom. Lily rash is a 
dermatitis caused by handling various bulbs or stalks. Those handling the vanilla bean 
may suffer from an itching dermatitis The rue group of plants is often responsible for 
skin irritation Certain individuals may become specifically hypersensitive and react 
violently to plants which are harmless to the great majority of individuals. 

Mangoes Kirby Smith (I93S) described a dermatitis that may follow eating mangoes. 
Burning and itching may appear six to eight hours after ingestion, affecting particularly 
the hands, neck, face and bps. The irritating resin is present in the skin or rind of the 
fruit and in the stem or sap, but not in the edible portion of the fruit. 

Dho£ie-ma*k Dermatitis. Liv ingood, Rogers, and Fitz-Hugh (19-13) described 52 
eases of dermatitis in American soldier* in India, which was caused by wearing clothes 
which had been marked with the juice of the marking nut from the rd or bclx g“tn 
tree. The dermatitis occurred only in the exact spots touched by the dhobic mark. The 
dermatitis recurred if marked clothes were again worn. Reaction to patch tests with c 
material were positive. Symptoms appeared within 8 to 24 hours and varied from a 
moderate erythema and edema to vesicular oozing and crusting lesions. (This must e 
distinguished from the “dhobie itch,” frequently observed in the Philippine Isfan s, 
which is due to a fungus (trichophyton j infection ) 

Goldsmith (1943) described a dermatitis resembling ivy poisoning in mail earners 
and clerks in Washington, which vvas caused by handling mail which had een con 
laminated in the mail pouch with "bhilawanol oil" from the “Indian mar n ** j 
Scmccarpus anacardwtn. This planr, like Rhus and the mango, is a member o e 
Anacarduceac. Of about 50 individuals exposed, 16 were attacked. Undou te y o 
species of this family arc capable of causing a similar dermatitis. , fav 

Favism. This is a disease characterized by an acute hemolytic anemia and caused y 
inhaling pollen from the flowers of the bean plant {Vtda jaba) or ^by eating th^be ^ 

It is most frequent in Italy and especially m southern Sicily a d ' , a 

morbidity rate as high as 5.17 per cent has been reported. Heredity sccmw P ^ 
part, some families giving a history of favism over many wth ^e 

beans is more apt to cause it than eating cooked beans. This in 
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hypersemitiscncss to the bloom indicates some type of allergic reaction. AfcCrac ant} 
U!!«y (1933) reported a ease in an Italian u» Philadelphia who gave a positive cutaneous 
allergic reaction to an extract of the bean- In Italy, the attack comes on shortly after ex- 
posure with irregular lexer and hemoglobinuria, and later pallor and jaundice. The 
abrupt and profound fall in red blood cells and hemoglobin (together probably with the 
associated renal injury) may cause death within a scry short time The mortality is about 
Spcr cent. Recovery, if it occurs, is complete 

Robinson (1941) reported six typical cases in Palestine following the eating of broad 
beans. 

Ginger Paralysis, In 1930 an extensile outbreak of paraljsis occurred in the south- 
central and southwestern portion of the United States, particularly in Tennessee and 
Cincinnati, It was largely restricted to adult males, all of whom had drunk Jamaica 
ginger from one-half to three weeks before die attack. It was characterized by a flaccid 
paralysis of the distal muscles of the legs which was preceded for three or four days by 
numbness and aching of the ealses. In some ol those afflicted the arms were subse- 
quently imolscd. In some, death occurred, attributed to respiratory paralysis In these 
cases examination showed degeneration of the myelin sheaths and axis cylinder* of the 
radial, ulnar, sciatic, external popliteal, anterior and posterior ubial nerves Canllo also 
repotted degenerations in the spinal cord. The mortality was low, but disability in some 
eases persisted for two years and more H has been estimated that from 10,000 to 15,000 
cases occurred, ft was later shown that the poisoning was due to contanunauon of the 
Jamaica ginger with about 2 per cent of trioriJiocrciyl phosphate. 

Simitar poisoning has followed the use of apiol containing from 28 to 50 per cent of 
rriorthocrcsyf phosphoric acid Apiol is an alcoholic extract of the fruit of the common 
parsley (Cantm pelrojeltnttm or A punt saUrum) It has been used as an abortifacicnt, in 
menstrual disturbances and in malaria. 

Hemlock, Poisoning from species of Cicutj (water hemlock, of the Parsley family) is 
not uncommon m man and cattle The poison, cicutoxin, is a resinous substance found 
chiefly in the roots and root sulk* The leases and fruit apparently may be eaten by 
animaH without harm Voisoning has occurred chiefly as a result of confusing the plant 
with parsnips or other edible roots The symptoms arc pain in the stomach, nausea, 
looming, diarrhea, dilated pupils, labored breathing, sometimes pulmonary edema, 
a feeble rapid pubc, and violent convulsions Pea ill may occur from respiratory failure. 

The poison hemlock (font uni nuctjjiunt) it one of the most widely known poison- 
ous plants bccjuic of us reputed uic by the Greeks for the execution of State prisoner*, 
notably Socrates In recent times poisoning has occurred ai a result of mistaking the 
seeds, leaves, or root fur those of edible plants (anise, parsley, parsnips) It causes 
gradual progressive paralysis of the muscles, often loss of vision, and death from 
rf'J'iralury paraljsis, without convulsions 

/cngtol Poisoning. In the Dutch Hast lndic« poisoning has followed the ingestion of 
the fruit yx>d* or beans of i’rtheeoiohurn g rmitinm , a species of Mmjosaecac The fruit, 
which is said to fuse a high content of iiLurnn Ik is eaten avidly by tfcc na«* cr m 
spue of u* foul odor (t w sometimes put through an appealing process (whirls us- 
ciraves it* toxicity) by burying it in the ground for 10 dayt. When the beans begin to 
sprout they ate taken up, ground, roasted They contain ethereal odi which exert a 
powerful irritating action If considerable it eaten, there nuy be severe colicky pams in 
the abdomen and flank’, as in renal colic, and vomiting, c on Hi/va non, fljiwJenee. and 
vcticaf trnrvmu*. The UIM contain* Urge amounts of Mood and many small sharp crystals 
fjengiohc acid) which some believe injure if c kidneys meclunicaily There tssxy be 
anuria, and death may follow, but mot tty is the rule The diagnosis i* rawly rnajr from 
ifsc cfiaraLi-mtn disgusting od< r «-f else brrath and urine 
K*\* or Vwngtma. An intoxicating notuLuholsc diit-.k iv twade (<v*w \h< jvxwv s< 
levies **/ the f’cjj’cf plant. it per nuiyiin urn. anj »» uteJ at a ceremonial beverage u» 
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many o S the islands of the South Pacific. The parts of the plant are first chewed by young 
girts who have good teeth and good health, and the masticated material is put in a 
ovv and treated with cocoanut milk. A sort of quiet, drowsy intoxication with weakness 
of the legs results in those not habituated. In the chronic intoxication a condition of 
debility results, and a marked roughness of the skin is said to develop. 

Lathyrism. This disease is characterized by the insidious onset of pains in the back 
and muscles and weakness of the legs, which gradually progresses to the development 
or a spastic paraplegia. There is wasting of the muscles and exaggeration of the re- 
flexes, incontinence of urine and loss of sexual power. The arms are rarely involved. 
There are no sensory disturbances, and no mental or cardiac disturbances. Clinically 
lathyrism is practically indistinguishable from primary lateral sclerosis. It is rarely fatal, 
but runs a protracted course. 

It is common in India, Abyssinia, and Algeria. Chopra (1940) emphasizes its frequency 
in India and states that examples of lathyrism in man in the form of spasuc paralysis 
are commonly seen every day in the streets of Calcutta. 

The disease has been attributed to eating bread made from the Hour of the chick 
pea, Lathyrus sanvus, or related vetches. In most of India this plant, known as 
Khcsari dal, is an important article of food for both man and animals. Moderate 
amounts may be eaten with impunity, symptoms appearing only when large amounts 
are taken, especially to the exclusion of other foods. It has therefore been suggested 
that the syndrome is due to a deficiency of vitamin A, or possibly of tryptophane which 
is lacking in the Lathyrus seed proteins. There appears to be no direct evidence of a 
toxic substance in the peas. Acton and Chopra concluded that the disease is not due 
to Lathyrus but to a contaminating weed, Vwia sativa, from which a poisonous sub- 
stance, divicinc, has been obtained. 

Minchm (1940) has reported similar cases from southern India where Lathyrus sattrus 
is not eaten, but where the diets are grossly deficient m vitamins and proteins. He sug- 
gested that the syndrome is due to a ' * ' ,r * 

directly dependent upon ingesuon of this 
settled, the theory of a dietary deficiency — 1 .~ _ 

seems to conform best to the facts now known. There is abundant experimental evi- 
dence that degenerations of the nervous system can be produced in animals by a 
suitably deficient diet. 

Manchineel Poisoning. The manchmeel tree ( Hippomane mancmella, of the Euphor- 
biaceae) has long been known as a source of poisoning in northern South Amenta, 
Central America, the West Indies, and Florida It is a large, handsome tree with bolly- 
like or laurel-like leaves. The fruit, which resembles crabapples, has a pungent rather 
disagreeable taste bur has sometimes been eaten with serious results. Hypersensitive in- 
dividuals who handle the fruit may suffer from a dermatitis characterized at first y 
erythema and later by the formation of vesicles and bullae. The mucous membranes 
- will become acutely inflamed if contaminated by the fibers. If the fruit is ca ' cn > ‘ “ c 
may be swelling of the bps, blisters, and erosions of the buccal mucosa, dysphagi . 
nausea, vomiting, and diarrhea with blood in the stools. More rarely there may 
profound collapse and death. , , 

All parts of the tree appear to be toxic There is a legend that death 
from sleeping under the shade of the tree Raindrops falling on the skm ot pc 
sheltered under it may cause irritation The latex contains a greenish resin w 
toxic principle, and this has been used by the natives as a liniment. Smoke from ° . 
mg wood is said to cause severe conjuncuvitis, and the sawdust may caul ■ J ^ 

rhinios, laryngitis, conjunctivitis, and lacrimation. The dried fruit us 
diuretic, and the seeds contain a purgative oil. „ a ,,atoidet. cr 

Milk Sickness. Cattle eating nchweed (white s na keroot > E«pa/ori/u« ^ / 

Urticae folium) in the eastern United States or rayless goldcnrod (Aplopjpp 
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phallus) in Texas acquire a serious disease called "trembles** or in some cases "alkali 
disease" or "milk sickness.** In man, after ingestion of milk or butter from such a cow, 
there may appear anorexia, nausea, and vomiting which present the taking of food and 
water, and soon bring about an acidosis with a high mortality. The late symptoms are a 
subnormal temperature, an extremely low blood pressure, the presence of diacetie acid 
in the urine, and the odor of acetone in the breath and urine The blood shows a 
marked ketosis, a hpcmia, and a hypoglycemia The poisonous principle, trcmatol, one of 
the higher alcohols, is found in the leases and stems 
Mushroom Poisoning. The best known edible mushrooms are (in England and the 
United States) the meadow mushroom, . Igancus cam pester which grows only in open 
pastures, and (in Trance and Italy) the champignon, \tarasmuu oreaJes There are no 
criteria by mean* of which edible mushrooms can be distinguished from poisonous 
varieties. There is a widespread entirely erroneous belief that if a silver com is put 
in the dish m which mushrooms arc cooked, it will be umished if poisonous varieties 
arc present. Poisonous mushrooms cannot he recognized by the taste — the most poisonous 
species are said to have a very agreeable tlavor In Washington an Italian officer who 
was regarded as an expert in the recognition of edible species purchased m a market 
some mushrooms which had been collected in nearby Virginia. He breakfasted on 
these mushrooms and spoke of their fine flavor In about IS minutes he became acutely 
ill, developed blindness, dyspliagia. and convulsions and died within 24 hours If one 
has not the expert knowledge required to identify the sjiecici with certainty, one 
should cat only mushrooms winch have been passed upon by a competent (preferably 
official) inspection Even in cultivated beds poisonous species occasionally develop 
There is marked individual variation in susceptibility In the case of a family of six 
poisoned by Amanita nappi, reported by Ilcntkowski, four died (one of whom had eaten 
only a mouthful), one became ill but recovered, and the sixth who had eaten heartily 
suffered no ill effects 

In the United Slates most cases of poisoning arc due either to Amanita mtiscaru, the 
fly amanita, or to A phalloiJes. the death cup Both species are very common and 
widely distributed One teaturc which helps to identify this genu* is the jwrmtencc of 
a portion of the veil encircling the stem a little below the cap 
The poison m A muscarta is muvcartn, an alkaloid related to (nlocarpin 77ns type 
ii distinguished by the early appearance of symptoms (within three hours), and death 
m the fatal eases occurs within 24 hours. There arc nausea, vomiting, diarrhea, severe 
abdominal pain, sweating, salivation, lacnmation, miosis, often a slow irregular pulse, 
and in fatal eases convulsions and conu Atropin is an efficient antidote, and although 
liic symptoms arc violent, the mortality is low in properly treated cases (about 10 
per cent). 

The poison in A phalloiJes is a toxin In poisoning of tins type the symptoms ate 
laic in apl<anng (b to IM hours), and although the mortality is from 50 to 7ll per cent, 
death usually occurs only after five to right days. In addition lo the gastroinieitmal 
symptoms noted alios c. there may I>c great thirst, anuria, jaundice (after two or three 
<!ay«). cyanosis, drowiincsi, delirium, or conu 77icre it degeneration of die renal 
tubular cjmhchum and User necrosis f.xttnsivc degeneration of the ganglion Cells of 
the cerebral Cortex, basal ganglia, cerebellum, and brain stem base been described 
(Vander Veer and 1 alley. 1*>35) Ampin has no clfeet. An animism has bem u»cd in 
f un.[«c with alleged good icsults 

W-ihcr rater tyi* of niuvliioum poisoning characterized by an acute hemolytic 
.nenua. hemoglobinuria. anJ jaundice has been dcwtilxd Recovery is the rule 

Muturd-u«l Boisoning ({.polemic Dropsy). Tins disease resembles beriberi in that 
it is tharattrrt/rd by drtpiy associated with myxarjta! diKuitumss willanit anesthesia 
• r marked paralysis 71>e disease lias l>e<n recognized in India (Cal.utfa) *m.e l’i/7. 
Outbreak* last rcvumd at uitetval* suite l‘»n, one of die worn in P2&, wl»en «'tr 
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2000 cases were observed. In an outbreak in Mauritius in 1879 one- tenth of the cooks 
were attacked and a large number died. In 1926 in Fiji an outbreak occurred which 
was confined entirely to the Indian population. This suggested that the poisoning was 
caused by mustard oil used in preparing curries. In subsequent experiments on human 
volunteers m the Calcutta jail, characteristic symptoms were produced by feeding the 
suspected oil. Chopra and Badhwar (1940) pointed out that in some of the epidemics 
the mustard oil was adulterated with katakar oil from the seeds of Argcmone mexicana, 
the Mexican poppy or shiajkata, which superficially resemble mustard seeds. In further 
experiments in human beings they produced typical disease symptoms by administering 
food cooked in oil containing controlled amounts of Argcmone oil. Lai et al. (1941) 
reported the isolation from the Argcmone oil of a white crystalline basic substance 
which seems to be the toxic principle. Rats fed the purified mustard oil suffered no ill 
effects. The exact nature of the substance was not reported. 

Opium. The use of opium is common among the inhabitants of India and the Orient, 
and there arc many addicts in Europe and America. In India, opium is almost invariably 
taken in pill form, and when used m this way the ill effects are much reduced. The 
mental, moral, and physical detcrioraUon so common in those who smoke opium, as in 
China and Persia, or in those who use morphine or other alkaloids hypodermically, is not 
so marked. There is also less tendency to increase the dose. Every medical man should 
read De Quinccy's “Confessions of an English Opium Eater” to appreciate the slight effect 
this habit had on the author during the first few years of his addiction. He took the 
drug as did the native of India. In the Far East, native mothers and wet nurses some- 
times smear the nipples of the breast with the drug, and it has been a not uncommon 
custom for the native nurses or ayahs to soothe babies to sleep by dipping their fingers 
in opium and allowing the babies to suck upon these fingers. Such treatment is ob- 
viously highly deleterious to the child. The minute contracted pupils may suggest this 
form of intoxication in cases of obscure illness 

Miscellaneous Sources of Plant Poisoning. In addition to the diseases described, 
numerous other instances of poisoning by plants are known, some accidental in origin 
and some intentional Chestnut (1938) listed only about 30 species of plants associated 
with accidental poisoning m man, usually the result of confusing poisonous and harm- 
less species. Muenscher (1939), however, listed 400 species of plants in the United 
States which have caused poisoning either in man or animals. The families which 
contain the largest number of poisonous species arc the Liliaceac, Ranunculaccae, 
Lcguminosae, Euphorbiaceae, Umbellifcrac, Solanaccac, and Compositae. 

Prussic acid occurs in many valuable foods, and if not removed may cause serious 
poisoning and even death. The linseed (flax) plant, fiannm uatatissimum, contains a 
cyanogenettc glucosidc which occurs early in the development of the plant and persists 
in the seeds , 

Ma.ndioca Poisoning The toots of the plants Mamhot aipt, the sweet cassava, an 
Manihot iitilustma, the bitter cassava, constitute one of the most important articles of die 
in many parts of Africa, South America, and the West Indies. The roots are general y 
dried and ground into a powder and used as a flour for making cassava cakes In more 
civilized areas they are used to produce starch and tapioca. Bitter cassava contains * 
glucosidc which liberates hydrocyanic acid in the presence of water and causes scrio 
poisoning if eaten without preparation To avoid poisoning, the tuber must be scrape, 
grated, squeezed free of its milky juice, and thoroughly washed. It is then otten 


m According to Holland (1938) the ripe fruit of the cultivated tree Pangurn 
New Guinea, is wholesome. The unripe fruit, however, and the fruit o ~ ' V1 . , s 
at all stages are highly poisonous and cause serious illness and even death, 
contain a large amount of hydrocyanic acid, probably m combination a , g ^ K£K j 
The scraped kernels are said to have a sweet cocoanut-hke taste and cannot 
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when added to other food. They have been often used for homicidal purposes. The chief 
use of the nuts m some ullages has been in stealing fowls. The scraped kernels arc 
thrown to fowls which die quickly after eating them. If the crop is then removed, the 
fowl may be eaten. 

Oxalic acid is contained tn \ aruble quantity in many edible plants, as sour grass and 
rhubarb, and may cause poisoning if ingested in sufficient quantity 
Various species of Jatropha. physic nuts, found in India and ihc West Indies, cause 
scs ere diarrhea 3nd gastrointestinal irritation similar to that caused by croton oil. A 
similar poisoning in Tanganyika has been reported as due to eating the nuts of the coral 
plant 

The consumption of unnpe persimmons, usually by children, has resulted in the 
accumulation of a mass of pulp in the stomach, forming a be? oar similar to the well- 
known hair balls. These may become large and require operauon for removal. 

Pm nts Usid Especially to* Homicidal or Slicidal Pi r posts The root of Glonosa 
superba, sometimes called wild aconite, a plant widely distributed in tropical Asii and 
Africa, has been used as a poison The toxic clfects winch arc due to the active principle, 
“supcrbinc,” resemble those of aconite poisoning — tingling and numbness of the lips 
and pharynx, nausea, vomiiing, abdominal pain, cardiac depression, and collapse With 
terminal convulsions. Consciousness is usually retained. 

The roots of various species of Acomtum have been used for the same purpose, death 
often taking place in from three to four hours 
Various plants belonging to the order Solanaccae arc used in many parts of the Tropics 
and by criminals in temperate climates to produce unconsciousness. Chopra has re- 
ported. fatal cases of poisoning from fatropha in India, in which the symptoms were 
dryness of the mouth and throat, dilatation of the pupils, and delirium. 

The seeds of Datura fastuota arc used by the Thugs in India, and various other plants 
whose alkaloids have an action similar to belladonna are used by the natives of many 
parts of the Tropics The seeds of datura have only a slight taste, and consequently arc 
easily introduced into food D tangumta lias been employed in I’cru and Colombia, and 
D jerox and D arbotra in Drazd The characteristic seeds are sometimes found in the 
fcccs or in fatal caves in the intestine 

Hie dried leaves of //) otcyamut ni$rr. henbane, arc the basis of some of the ‘’knock- 
out*’ drops uved by the underworld In poisoning from these plants the face is flushed, 
the pupils widely dilated, die eyes bright and shining The throat is very dry There 
is marked disturbance of vision At first the victim is very talkative and soon becomes 
violent, but laicr there is drowsiness followed by coma. 

The yellow oleander, Cerbera thetetu. which is found in India, contains highly poison- 
ous gluctmdcs, ncrcovulc, and olcandrosidc. in the milky latex. Similar substances from 
V’eehitet tube’tclj. urcchum and urechiioxin, possess a cumulative action, and sudden 
death may occur before suspicion of poisoning is aroused. 

In New Guinea. Holland (192S) repotted that eating the roots of wild species of 
l)rmt is the commonest means of suicijc among the natives. The root is known as 
•bun," and it was identified as Derm root only after the plant became of value a* an 
inicctii.iJc The poisonous substance «>f Venn eUptua is rotenune. Other toxic resms, 
such as dcrtidc, arc also present The condition* Holland found at autopsy arc tndicamc 
c.f acute congcsuvc heart failure At an antidote the native* use the sap expressed from 
the root* of the banana, which i* muciUginout and acti a* an emetic 
The tuue of a species of Aide p*it (Milkweed family) ha* been used tn India at an 
infanticide The symptom* of poisoning are salivation, vomiting, cramps, and final 
collapse Common native poison* employed in llranl are prepared from f’.u '/mu pi nr ./a 
which contains an a'kaloiJ limbom, and from the fruit of TAeitna aAo-.ai which con 
tain* the {vuvon thtveiosm lk>ih of these cause vomiting ami acute rrspiratury failure 
In the Hatch l-ist Indie* the c«m.i<sa poison it extracted from the ruiis of specie* of 
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A Itlltraa. Following its ingestion, debilitation, headache, diarrhea, and collapse usually 
occur, followed by death. 

H. Laboratory Procedures Useful in Diagnosis, Indexed by Diseases 
This index has been compiled to assist in the selection of laboratory procedures which 
are likely to be of value in the diagnosis of the diseases listed, particularly those which 
cannot be recognized by their clinical features alone. Only those of major importance 
can be given. The statements in the index apply to the average case, and many are sub- 
ject to Iimitauons or qualifications for which the text should be consulted To be of 
value, laboratory tests must be performed with such precision that the probable technical 
error is well within the limits of the physiologic variation. The results can be interpreted 
correctly only in conjunction with all the information available concerning the patient. 
This responsibility belongs to the clinician, and should not be expected of, or entrusted to 
a laboratory technician. 

Abscess. Aspirate contents with sterile pipet or syringe and culture on agar and blood 
agar plates. Stain films by Gram’s method and, if indicated, for acid-fast bacilli. In special 
cases inoculate animals. Usually a neutrophilic leukocytosis. Sedimentation rate increased 
Abscess of Liver, Amebic. Aspirate contents ascpticafly and culture on blood agar 
plates (no growth unless secondarily infected) Pus resembles anchovy sauce. Stained 
films usually show detritus wuh few pus cells. Amebae found in fresh preparations only 
after drainage has been established Examine fcccs for trophozoites and cysts Moderate 
neutrophilic leukocytosis if acute Monocytosis. Roentgenogram. 

Abscess, Lung. Sputum abundant, purulent, often foul, may layer on standing. Culture 
aerobically and anaerobically Stam by Gram and Ziehl-Neelsen methods and examine 
fresh material for spirochetes and fusiform bacilli, preferably with darkfield. Look for 
elastic fibers. Exploratory aspiration in some cases. Leukocytosis. Roentgenogram. Bron- 
choscopy 

Abscess, . ... 

stain for a«.._ — . 

a guinea pig Leukocyte count \ ariable. Sedimentation rate increased. 

Achylia Gastriea. Do fractional gastric analysis after histamine injection. (Sec p, ML) 
Acidosis. If possible test COa combining power of plasma. Alternatives: Test COa 
tension of alveolar air. Measure titratable acidity + ammonia output in urine. Determine 
tolerance for NaHCOs. Look for ketone bodies in urine. Test pH of urine. Ammonia 
in urine increased at expense of urea. (Sec pp 802 and 840 ) 

Actinomycosis. Look tor yellow "sultur" granules in pus or sputum. Press out granules 
between slides and stain by Gram’s method The central mycelium is Gram-positne vv jc 
peripheral "clubs" arc Gram-negative. Culture anaerobically (See p S9) 

Acute Yellow Atrophy of Liver. (See Liver, necrosis of.) , 

Addison’s Disease. In crises, marked reduction in serum sodium and total base, an 
in chlorides and bicarbonate. High blood nonprotem nitrogen and urea. Hypoglycemia 
‘‘Flat’’ glucose tolerance curve During remissions salt restriction may precipitate a 
crisis (dangerous). Hypersensitn e to insulin injections. Roentgenogram for calcittca 
areas in adrenals. 

Agranulocytosis. See Malignant neutropenia , 

Alkalosis. Test CO 3 combining power of plasma. Test pH and cucatabie aci 1 y 
urine. Look for signs of tetany. 


Allergy. Sec HypersensiUveness. . Examine 

Amebiasis. Note gross and microscopic appearance of the stools (see p. liV- 
feces for trophozoites and cysts May show monocytosis. Differentiate from banlaiy 
dysentery and chronic (nonspecific) ulcerative colitis. ~ r .<t ,, sl 

Sloidosis. For changes in blood and urine see "Nephrosis.” Male Congo red >« 
(p, 831). Search for evidences of chronic suppuration or tuberculosis. 
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Anaphylaxis. See Hypcrsens’uiveness. 

Ancylostomiasis. Examine feces by concentration methods for characteristic ova (see 
{i. 611). Examine blood for anemia (hypochromic, microcytic) and eosinophiiia. 

Anemia, Aplastic. (See p. 442 ) Qualitative changes in red cells slight. No signs of 
regeneration. Marked neutrophilic leukopenia and thrombocytopenia with purpura. 
Sternal marrow shows few cry throblasts or myelocytes 

Anemia. Hemolytic. (See p 445) Positive indirect van den Bergh High icterus 
index. Urobilin increased in urine and feces Reticulocytes usually increased. Leukocytosis. 
In fulminant eases look for hemoglobinuria. 

Anemia, Hypochromic. (See p 452) Cell* very pale, usually small Color index and 
saturation index low Corpuscular volume usually low Icterus index normal or low. 

Anemia, Idiopathic Hypochromic. Largely limited to women 20 to 50 years old. Usual 
feature* of hypochromic anemias marked Leukopenia frequent. Subacidity or achlor- 
hydria, usually even after histamine Reticulocyte crisis follow* administration of large 
doses of iron. Differentiate from chronic posthemorrhagic anemia, chlorosis, cancer, 
hookworm anemia (See p 433 ) 

Anemia, Pernicious. (See p 437 ) High volume index and high color index Marked 
amsocytosis, macrocytosis, poikilocytosis Mcgalohlasts in severe untreated eases Evi- 
dences of hemolysis during progressive stages Leukopenia with hypersegmented neutro- 
phils. Blood cholesterol reduced Achlorhydria after hisuminc Reticulocyte crisis fol- 
lows administration of fwtent fiver extract in severe cave* 

Anemia, Posthemorrhagic, Acute. Features of hspsichronnc anemia present in moderate 
degree Usually rcticulocy tosis, leukocytosis, and increase in platelets Normoblasts may 
appear after third day 

Anemia, Posthemorrhagic, Chronic. Features of hypochromic anemia marked Low 
color and saturation index Evidences of regeneration variable In laic stage may show 
aplastic type of anemia (See p 432 ) 

Anemia, Sickle Cell. Seal fresh moist preparation* and observe for I to 23 hours for 
sicktcd red cell* (Rare in Mamed film* ) Severe cases show many normoblasts, rcticulo- 
cytosis, leukocytosis, increased platelet* Look for macrophages containing red cells 
Roentgenograms of skull may show change* Limited to Negroes 

Angina, Streptococcal. Make cultures on la>cfflcr * serum and blood agar plate* Stain 
films with l^xfilcr's methylene blue and Cram* Mam Differentiate from diphtheria and 
Vincent’s angina. 

Angina, Vincent’*. See I usosjurochctosi* 

Anthrax. (1) Malignant pustule fxamme material from pustule directly in stained 
film* and lunging drop for large, Oram positive, nonmotilc bacilli Culture on agar 
Inoculate a mouse or guinea pig subcutaneously Blood cultures rarely positive (2) 
WcHilsortcrs' disease l-xannnc sputum in a similar way 

Appendicitis. Neutrophilic leukocytosis with increase in )u\ eniie forms DiJfercmuic 
from renal and pelvic infections 

Arsenic Poisoning. Examine urine for arsenic (in die late stages, the hair) l-xaminc 
urine for albumin, easts, renal epithelium, urobilin, bile. Lxamme blood for non protein 
mitogen or urej, crratiiunc. bilirubin Test renal function and liver function lot for 
aciJoiiv 

Arthnus Acute. Neutrophilic leukocytosis Make blood culture. In «j<cul cave* 
aspirate fluid, culture on LU**d agar. anJ Main film* by Oram's tncth.xJ Losik es|<tially 
for MftpliXKCtuv. guiKx.oo.us, tnrningosoccuv, and brucella. Atm Mreptohacilluv 

Arthritis, Chrutuc Infectious, li.rnl lluul usually sterile (See p TM > Sniitibruinlysin 
u*ij xiitistieptolysm tiler* may l>e <4 hr*p Mieptucvrsci can vi«mcnrtici t>e Cultivated 
from ruiscsl tyr jh n«*lr* diam.ng aJle,rrd p int*. L’ce deep iul*t* of warn g'twose 
ag.r Scduocmatiun rate increas'd <V.ra*iunal Ifukicytm* Ido*] i»iw kh! normal 
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Means Infection, Examine feces for characteristic ova. Worms occasionally fonnj 
m feces or vomstus. 

Ascites. Culture fluid on blood agar. Determine whether transudate or exudate. (See 
p. 760.) If tuberculosis is suspected digest sediment with alkali, and examine centrifugate 
tor acid-fast bacilli by staining, special cultures, and guinea-pig inoculation. See also 
cirrhosis of the liver, edema, nephritis. 

Asthma. Examine sputum for eosinophils, Charcot-Leyden crystals, Curschmann’s spirals 
Make culture from sputum for possible causative organism in cases due to respiratory 
infection. Eosinophiha. Make cutaneous allergic tests. Severe cases with cyanosis show 
decreased O-saturatton in arterial blood. May show acidosis (COa excess) with high 
plasma bicarbonate. 

Bacteremia. Make blood culture. Usually neutrophilic leukocytosis with shift to the left 

Bacterium. See Urinary-tract infections. 

Balantidium Infection. Look for large motile ciliatcs in feces. 

Bands Disease. Moderate to set ere anemia, usually hypochromic in type. Leukopenia 
Test fragility of the red cells to exclude hemolytic jaundice. Make van den Bergh test 
and determine icterus index. Test liver function. Examine feces for occult blood. 

Blackwater Fever. Hemoglobinuria; pink foam to urine; test filtrate for hemoglobin 
spectroscopically and by benzidine or orthotolidinc test. Malarial parasites found in thick 
blood films in rare cases Leukopenia Monocytosis. Examine blood serum for hemo- 
globin and bilirubin (van den Bergh test). Reaction to Donath-Landsteincr test negatne. 

Blastomycosis. Examine sputum, pus, or scrapings from margins of ulcers in 10 per 
centKOH for spherical, budding yeast cells with highly rcfractile, double-con toured walls 
Make culture on glucose agar plates. 

Botulism. Inject an infusion of die suspected food into a guinea pig (see p. 72), also 
stools and blood of patient. Culture anaerobically on glucose agar. Culture may be kept 
in a dark place at room temperature. 

Bronchiectasis. Sputum abundant, purulent, often foul, tends to separate into three 
layers on standing. Small hemoptyses“common. 

Bronchitis. Culture sputum on blood agar plates. Stain film by Gram’s method. In 
special cases inoculate a mouse 

Bronchopneumonia. Culture sputum on blood agar. Make blood culture. 

Brucellosis. Make blood culture at onset of febrile paroxysm; incubate in atmosphere 
of 10 per cent CO 3 . Make cultures from urine, feces, and local foci in. special cases. 
Guinea-pig inoculation sometimes successful. After fifth day make agglutination tests. 
Intradermal tests, an opsonic index. Relative lymphocytosis, often leukopenia. Differen- 
tiate from typhoid fever, tuberculosis, malaria, kala-azar 

Carbon-monoxide Poisoning. Test blood for CO spectroscopically and by Sayers- rant 
method. Secure blood at earliest possible moment and protect from air. 

Cerebrospinal Fever. See Meningitis, meningococcus. 

Cestode Infections. Examine feces for ova, which are not always present. If a segmen 
is obtained, press between two glass slides and examine the branchings of the ut " us * 

Chancroid — Ducrey’s Bacillus. Examine smears for short, Gram-negative cocco aci 
occurring in chains Culture material aspirated from bubo in sterile clotted human ^ or 
rabbit blood which has been inactivated at 56° C. for 30 minutes. Skin test wi vacc 
Syringe and media must be warm - w 

Chlorosis. Hypochromic microcytic anemia, sometimes severe, in a 0 cscen g • 
saturation index. Gastric acidity normal. Differentiate from chronic posthemorrn g 


Cholecystitis. May be moderate leukocytosis. Fluid obtained by 
may show bile-stained pus cells and other abnormalities. (See p 8 ■) 
agar plates and enteric media. Van den Bergh test. 
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Cholelithiasis. Examine blood and urine for bilirubin (van den Bergh test). Bile ob- 
tained by duodenal drainage often shows increase in cholcsterin crystals and calcium bili- 
rubinate precipitate, and evidences of cholecystitis (qv.). Blood cholesterol increased, 
with obstructive jaundice. Roentgenogram (Graham test). 

Cholera. Smears (torn flecks m rice-water stools show many vibnos with “fish in- 
stream” arrangement. Culture on Oieudonnc plates If sparse, use enrichment method. 
Identify organism with cholera immune scrum After fourth day test scrum for ag- 
glutinins. Intense dehydration with high blood counts, high plasma proteins, and high 
specific gravity of blood. Anuria wills high nonprotcin blood nitrogen. Acidosis 
from loss of base. Depletion of chlorides Differentiate from food poisonings, arsenic 
or antimony poisoning, bacillary dysentery, algid pernicious malaria 
Chyluria. Centrifuge urine and examine for microfilariae Examine blood for micro- 
filariae (not always present). Unne contains many highly retractile fat globules soluble 
in ether 

Cirrhosis of User. Do Kotmer or Kahn lest. Icterus index and van den Bergh test. 
Test unne for bilirubin and urobilin Make tests of liver function (p H74) or determine 
A/G ratio Examine feces for occult blood Late eases may show macrocytic anemia. (See 
alto Ascites, Banti's disease. Liver, necrosis of ) 

Coccidioidomycosis. Examine frevh moist specimen of sputum, cleared with 10 per 
cent KOI l for spherical ycasthke cells which may contain cndosporcs Culture and inocu- 
late animals if necessary Make inttacutancous tests, and complement fixation test if pos- 
sible. If ulcers are present, examine scrapings in a similar way Biopsy if necessary. Make 
blood culture. Exclude tuberculosis by repeated stains, cultures and guinea pig inocu- 
lation. (See p 235 ) 

Colitis, Chronic Ulcerative. Examine feces or preferably scrapings from ulcers 
(proctosco|ic) for pus, blood, mucus Exclude amebic and bacillary dysentery by fresh 
warm stage preparations, cultures, and agglutination tests Neutrophilic leukocytosis, often 
secondary anemia, increased sedimentation rate Roentgenograms 
Colitis, Mucous (''Spastic Colitis**). Examine feces for mucus in large masses, con- 
taining epithelial cells, often eosinophils, no pus cells, no blood No leukocytosis, normal 
sedimentation rate Roentgenograms 

Coma. Examine urine for sugar, ketone bodies, albumin, casts, blood. Examine blood 
for sugar, COa combining power, nonprotcin nitrogen or urea, and in special cases for 
alcohol and CO Consider possibility of other poisons Examine spinal fluid (caution, 
see p “■)(>), cvpccially for pressure, presence of red cells and xanthochromia (sub- 
arachnoid hemorrhage) Make leukocyte count and blood culture if febrile. 

Con |uncuv ills. Stain smear by Gram's method and with dilute carbolfuchsin. Culture 
secretion oil blood agar and plain agar. (Sec p 7)1 ) 

Coronary Thrombosis. Neutrophilic leukocytosis Accelerated sedimentation rate 
Cyst. Examine fluid for echinococcus booklets and scoliccs. Test for pancreatic fer- 
ments and for urea 
Cystitis. See Urinary tract infections. 

Dehydration. Examine blood for increase in hemoglobin concentration and in plasma 
protein (the best gauge) Specific gravity » increased 
Dengue. Neutrophilic leukopenia 

Dernutophy loses. Examine scrapings from skin m 10 per cent KOll for fungi. Col- 
tutl on Sabonraud agar 

Diabetes fnsiptduk No albuminuria or glycosuria. No nitrogen retention Ability to 
Concentrate untie lost, restored temporarily by pituitnn injections. 

Diabetes Melliius. 1 xa-vunc unne for sugar and ketone bodies. Examine blood (fast 
ing) for sugar, cholesterol In di>obiful eaves do glucose tolerance test Make tests for 
acidnus («| v ) In severe eaves test h r decrease in bluoj bates (or chlorides) and fie 
dehydration. 
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Hemochromatosis. Examine urine for sugar and for hemosiderin granules in sediment. 
Pasting blood sugar or glucose-tolerance test if in doubt. Make van den Bergh test 
Test uver function. Examine piece of excised skin for hemosiderin. 

Hemoglobinuria. Examine centrifuged sediment for intact red cells. "Shadow cells" 
may be found with much debris. Test filtered urine for hemoglobin spectroscopically 
and by benzidine or orthotolidme test. 

Hemophilia. Prolonged coagulation time. Normal bleeding time, normal platelet 
count, normal clot retraction. Negative reaction to tourniquet test May show post- 
hemorrhagic anemia. (A congenital abnormality limited to males.) Roentgenograms of 
joints in selected cases. 


Hepatitis. See Jaundice, catarrhal. 

Hodgkin’s Disease. Examine section of excised lymph gland. The blood may show 
moderate leukocytosis, monocytosis (10 per cent to 15 per cent), increased platelet 
count, occasionally eosinophilia (no constant changes). In late stages, a severe anemia. 
Biopsy of marrow in special cases. Roentgenogram of chest. 

Hookworm Infection. Sec Ancylostomiasis. 

Hypersensitiveness. Test for hypersensitiveness to pollens, animal hair, foods, etc, 
by cutaneous tests or intracutaneous injections of suitable extracts, or in special cases 
by patch tests. To determine if a patient is sensitized to a serum, inject intradermally 
0.1 ml. of a 1 : 10 dilution of the scrum. If he is sensitized, an urticarial wheal will de- 
velop within 10 or 15 minutes. A drop of serum in 1 : 10 dilution may be instilled into the 
conjunctiva (see p 295). 

Hypertension, Essential. Examine urine and test renal function, especially by concen- 
tration tests, to determine extent to which kidney is involved. 

Infectious Mononucleosis. Leukocytosis with high lymphocytosis (up to 90 per cent). 
Many pathologic lymphocytes. (May not appear until several days after onset and may 
persist for months.) After 5 to 10 days test serum for "heterophil'* agglutinins for sheep 
red cells. 

Influenza. Leukopenia and granulocytopenia. Frequent secondary infections, par- 
ticularly of the respiratory tract 

Intestinal Parasites. Examine feces for ova. 

Jaundice, Catarrhal (Infectious Hepatitis). Test urine for bile. High icterus index. 
Positive van den Bergh reaction; type variable. (See p. 872.) Feces show diminished or 
absent bile pigments, increased fat. Test liver function. Differentiate from Weil's disease, 
arsenic and phosphorus poisoning, types of obstructive jaundice. 

Jaundice, Familial Hemolytic. Usual features of hemolytic anemia marked. Fragility 
of red cells in hypotonic salt solution increased. Reticulocytes much increased. Re ce * 
have normal volume but diameter is small (more globular than normal). Look or cm- 


dcnces of cholelithiasis. 

Jaundice, Infectious (Weil’s Disease). Examine blood (first three days) for leptospir 
in stained films or darkfield preparations (sparse). Preferably inoculate a guinea pig 
with 1 to 5 ml. of blood intrapentoneally and at autopsy examine the liver for leptospu 
Blood cultures may be made in Fletcher’s medium and incubated at 25 to , 

the twelfth day examine urine sediment for leptospira by smear and guinea-pig in 
tion. If stock cultures are available, after 10 to 14 days patients serum may give 
tive adhesion phenomenon or agglutination or protection test. Leukocytosis. 

Jaundice,' Obstructive. Blood shows high icterus index and posmte ire , 

Bergh tests, increase in cholesterol and often in diastase. Prothrom in ^ time i 
Urine shows bilirubin, no urobilin. Feces show increased fat and (,1 °b»t™ea« 
plete) no bilirubin or urobilin. Fragdity of red cell, normal or dimimihed. Inter lun 


may be reduced in chronic cases. . . , , artf i ra onocyt« 

Kala-aear, Culture blood. Search for U , rimeem within the 
in blood films, either directly or from the huffy coat in which the Icutocy.cs arc con 
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centrated, after centrifugation of citratcd blood. If not found, examine material obtained 
by splenic puncture or more safely by puncture of the liv cr or sternal bone marrow. (They 
are found occasionally in excised lymph glands or aspirated gland juice.) Blood globu- 
lin markedly increased. Make formol-gcl and antimony tests. Marked leukopenia with 
relative monocytosis. Differentiate from brucellosis, typhoid and paratyphoid fever, 
Band's disease, chronic malaria, leukemia. 

Ketosis. Examine urine for ketone bodies. Test pH and turntable acidity of urine. Test 
for acidosis (q.v.). 

Lead Poisoning. If exposure is recent, examine urine for lead. Blood shows early 
increase in reticulocytes and many stippled cells; later anemia, in acute cases severe and 
hemolytic in type. Fragility of red cells decreased. Often neutrophilic leukocytosis. Ex- 
amine urine for albumin and casts. In late cases test renal function. 

Leishmaniasis. See Kala-azar, Oriental sore, and Espundu. 

Leprosy. Diagnosis depends upon demonstrating leprosy bacilli in smears stained by 
Ziehl-Ncelsen method. Decolorize lightly with 20 per cent aqueous H;SO«. Morphology 
characteristic. Usually abundant in material from granulomas or scrapings from ulcers, 
especially from nose If no lesions arc evident, examine scrapings from nasal mucous 
membrane or ikin dips from car lobe. Examine blood during fcbnJc periods, make thick 
Rims, dchcmoglobmize and sum as above, or stain Rims from sediment after diges- 
tion with alkalL Cultures and animal inoculation useless except to exclude tuberculosis. 
Serologic reaction for syphilis in the blood positive in about 60 per cent of the cases. 

Leukemia, Acute. Toul leukocyte count ranges from normal to 150,000, occasionally 
much reduced. Diagnosis depends upon presence of many primitive leukocytes with 
nongranular basophilic cytoplasm and nuclei showing fine chromatin network and 
nucleoli. Progressive anemia with normoblasts. Reduced platelet count. Prolonged bleed- 
ing time. Increased bawl mcubolic rate. Marrow shows marked increase in primitive 
type of leukocyte. 

Leukemia, Chronic Lymphatic. Leukocyte count usually from 20,000 to 100.000, with 
75 to 90 per cent small lymphocytes, a few lymphoblasts and Rieder cells. May be a few 
myelocytes. Progressive anemia. Normoblasts rare. Basal mcubolic rate increased. Blood 
unc acid high. Marrow (biopsy or sternal puncture) shows increase in lymphocytes. 

Leukemia, Chronic Myelogenous. Total leukocyte count usually from 200,000 to 500,- 
000, with a large proportion of myelocytes. In terminal suge many myeloblasts. Pro- 
gressive anemia. Normoblasts nearly always present, often numerous. Platelets incizacd. 
Basal meubohe rate increased. Blood unc acid high. Examine sternal marrow. 

Leukemia, Monocytic. Leukocyte count ranges from normal to 400,000 with 20 to 90 
per cent monocytes and monoblasts. Examine fresh supraviully suined films as well as 
fixed films. Myelocytes usually present, may be numerous. Usually marked anemia and 
reduced platelet*. Examine sternal marrow. 

liver. Necrosis of. Test liver function (see p. 873). Bilirubin in blood incrcaied. 
Urobdinuru. In advanced stages shows: Increase m ratio of KHa/urca in unne, with 
Icucm and ty rosin crystals, usually only after concentration. High nonprotein nitrogen 
with low urea in blood Hypoglycemia. Decreased fibrinogen. Prolonged prothrombin 
time. Decreased sedimentation rate. Acidosis may occur. 

Lymphogranuloma Inguinale. Fra test. 

Madura root. Discharge may contain fish roe granules which show mycelium and 
peripheral clublikc structures. Culture on Sabouraud's agar 
Malaria, famine thick and dun films named by Giemsa't or Wright'* sum. To 
identify an object a* a malarial parasite in stained films, one should be able to make 
out at least two of three character*. (1) chromatin; (2) bluish or greenish cytoplasm; 
and (J) pigment. Ocsccnts arc diagnostic foe malignant tertian, equatorial handing foe 
quartan Marked irregularity of outline of parasiic and the presence of Sehuflnre's (red- 
dish) dots m cytoplasm reJ cells mdk airs benign tertian. Leukopenia with mono 
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cytosw. Leukocytosis during the paroxysms. Anemia of hemolytic type. Plasma RWUUIU1 
increased. Almost a!! show positive reaction to serologic test for syphilis during febnk 
periods. May try provocative procedures. In special cases make sternal for sofenic) 
puncture. Y 1 

Malignant Neutropenia. Leukopenia, becoming extreme, with disappearance of 
granulocytes. Red cells, platelets, coagulation factors usually normal. Granuiocp.es w 
marrovv often greatly reduced. Make blood culture to exclude sepsis Stain films for 
Vincent's organisms. Differentiate from sepsis, acute leukopenic leukemia, and aplastic 
anemia. Examine sternal marrow. 


Measles. Blood shows neutrophilic leukopenia. Diazo reaction in urine usually pre- 
cedes eruption and is not found m German measles. (For use of convalescent serum, 
see p. 212.) 

Mclanosarcoma. Urine usually turns black after exposure to the air because of the 
formation of melanin. (This occurs, rarely, m other conditions, e.g, alkaptonuna ) 
Does not reduce Benedict’s solution. 

Meningitis, Lymphocytic Chorio. Spinal fluid shows increased pressure, slightly in- 
creased globulin, 50 to 2000 lymphocytes, meningitic colloidal gold curve, sterile cultured 
Inoculate guinea pig subcutaneously, or mice intracercbrolly. Virus-neutralizing anti- 
bodies in blood after sixth week. Differentiate from encephalitis, poliomyelitis, tubercu- 
lous meningitis, neurosyphilis. 

Meningitis, Meningococcus. Blood cultures often positive in early cases and in simple 
menmgococccmia. Spinal fluid purulent, under high pressure Culture immediately on 
warm blood agar. Examine stained film for Gram-ncgamc intracellular or extracellular 
diplococci. Smooth virulent strains show capsular swelling with specific antiserum. 
Neutrophilic leukocytosis. Differentiate from septic meningitis, tuberculous meningitis, 
poliomyelitis, encephalitis, benign lymphocytic choriomeningitis. Detect carriers by cul- 
tures from posterior nasopharynx 

Meningitis, Tuberculous. Spinal fluid clear or opalescent, shows increased pressure, 
increased globulin, lymphocytic pleocytosis, decreased sugar, markedly decreased chi®" 
rides Stain for tubercle bacilli in fibrin web which forms on standing or centrifuged 
sediment after alum flocculation (p 755). Make cultures or inoculate guinea pig- Dif- 
ferentiate from benign lymphocytic choriomeningitis, encephalitis, poliomyelitis. 

Mercury Poisoning. Examine urine or gastric contents for mercury. Examine urine 
for volume (ohguna), albumin, casts, renal epithelium. Determine blood non proton 
nitrogen or urea, and creatinine. If severe, test for acidosis. Renal function tests snow 


impairment. , 

Myeloma, Multiple. Bence-Jones protein usually found in urine. High plasma go n 
Un (up to 9 per cent), even without Bence-Jones proteinuria May show high boo 
calcium and low phosphorus Anemia, occasionally erythroblastic, with leukocytosis an 
myelocytes. Roentgenogram. . 

Myiases. To identify fly larvae, make rearings to adults, or examine breathing s i s 
posterior stigmata of larvae. , l.-.i, 

Myxedema. Basal metabolic rate retarded (to — 10 per cent). Blood snow ^ 
cholesterol, low glucose. Low flat glucose-tolerance curve. Anemia, either tnacrocy 
hypochromic microcytic in type. Often lymphocytosis. . .^ 

Nephritis, Acute and Chronic. Examine unne, especially for albutnui, casts, ^ 
and pus ceils. The presence of blood and red cell casts indicates an acute *** 

In acute cases look for streptococcal throat infections. (See p. 37.) Test rena [f 
Determine blood non protein nitrogen or urea, and if high, creatinine or p osp * 
impaired, determine blood chloride or bases, and test for acidosis. Anemia co 
advanced stages. (See “Nephrosis.**) , t ly 

Nephrolithiasis. Examine unne for blood and pus. The presence / 
urine of clumped calcium oxal3tc of uric acid crystals is suggestive. 



APPENDIX 951 

for cystin crystals. Make culture to determine whether pyelitis is present- Roentgeno- 
gram. Determine Ca and P in blood to exclude hyperparathyroidism. 

■'Nephrosis.'* "Nephrotic" Stage of Glomerular Nephritis. Examine urine. Oliguria, 
high fixed specific gravity, marked albuminuria, many casts, epithelial cells with 
doubly ref tactile fat droplets, pus cells, but few or no red cells. Chloride excretion re- 
duced. Phlhalcm excretion normal Mood cholesterol very high, plasma albumin reduced, 
A/G ratio inverted. Chlorides may be high. No nitrogen retention. Reaction to Congo 
red test positive. Sedimentation rate much accelerated. Basal metabolic rate retarded. 
Anemia common Look for e» idcr.cc of intcreurrcnt infections. 

Ochronosis (Alkaptonuria). Urine contains homogenusic acid, which turns black 
on standing exposed to live air (especially if alkaline) Reduces Benedict's soluuon but 
not bismuth salts, and is not fermented by yeast Rare anomaly of metabolism 
Onchocerciasis. Aspirate fluid from a nodule and look for motile microfilariae in fresh 
preparation, or stain by Gtemsa. If negative, excise a nodule and look for adult worm or 
(very numerous) microfilariae Clip ofT a bit of skin or conjunctiva, shake up in a few 
drops of salr solution and look for microfilariae. {Microfilariae arc not usually present 
in titc blood ) Reaction to complement fixation test (sosiuv c w nh special antigens. 
Ophthalmia Neonatorum. See Gonococcus infection. 

Oriental Sore. Examine scrapings from base of ulcer for leishmanial bodies. Stain 
with Wright's or Gicmsa's stain Preferably obtain material by aspiration by puncture 
near edge of ulcer If bacterial contamination can be avoided, culture on special medium. 

Oroya fever. Acute, rapidly developing hemolytic anemia. Rotllikc organism. Bit* 
lonrlla bacillijorms, in red cells 

Osteomalacia. Either blood calcium or phosphorus (or both) usually decreased. Blood 
phosphatase increased Ri •entgenogram. 

Otitis Media. Neutrophilic leukocytosis. Make smtits from discharge and culture on 
blood agar Make blood culture 

Pancreatic Disorders. Examine feces for undigested starch, muscle fibers, and abnormal 
amounts of total fat and neutral fat. Examine duodenal contents, crucially fur 
enzymes (See p S67 ) Test urine for sugar Determine blood sugar and duvtavc In- 
creased diastase in urine Make glucose tolerance test. 

Paragonimiasis. Lxamine fresh sputum for light yellow, operculatcd ova, averaging 
W by 65^, Also for pus, blood, clastic fibers. Exclude tuberculosis. Ova in feces in 
about 40 j<r ccnl of caws 

Paratyphoid fever. Examine as for typhoid fever 

Pertussis- In early stages, examine stained smears from sputum for small, oval. Gram- 
negative. bipolar staining bacilli Culture *putum (or uve "cough plate" method) on 
Bordet Gengou medium Usually a very marked lymphocytosis 
Picdra. I saiome hairs for small gritty masses which consist of 'pores arranged like 
muukv about hairs 

Pituitary Disorders. In hyperpituitarism (acromegaly) there may be polyuria and 
glycosuria asuniatrd ssilh hyperglycemia anJ reduced glucose tolerance In hyj>opiluilamm 
(dystrophia a J i pusegemta’ is. 1 ruhlich’s syndrome) blood sugar is low, glucose tolerance 
trwicjved Basal metabolic rate slightly retarded (but normal if calculated on basis of 
the idea! weight of the mdrsiJual) 

Plague, Bubonic Type. Examine material obtained by gland puncture for P peitu 
Jun smears, culture, ami inoculate a mouse or guinea pig to identify Pneunonie ry/v 
Iju u.ne tie thin, watery. Mood ringed sputum w the same wa> 7o obtain pure cul 
lure, insulate on uni token skin nr nasal mucosa of animal Septu emu type Make 
culture /’ pei :tt may Iw su.Uicmly numerous to l*c found us blond lilmt. 
I-eukocy tons Dulrrrnuaie f««i rulwen.ia 

Pleural lluuL Detern te.e spent* k ravity, albumin content, total cell count rerun 
luge a small psliiei tukiUil its vitraicd salt solutuin, tie-t toil icm with I jxr teal 
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formalin, centrifuge again, and stain sediment by Gram's and Ziehl-Neelsen stains for 
bacteria and by Wright’s stain for differential count. Culture on blood agar and mocu- 
a guinea pig. In tuberculosis the fluid usually shows a lymphocytosis. (See p. 760) 

Pneumonia, Acute Lobar. Isolate pneumococcus from sputum (or material hem 
lung puncture) by culture and mouse inoculation. Determine type directly from spurn, 
by Neureld s ''Qucllung'' reaction; confirm with culture later. Male blood culture (oftea 
positive early; late in disease indicates a bad prognosis). Marked neutrophilic IculocMosis 
with shift to the lefr, and reduction in eosinophils. Low count indicates poor resistance. 
Urine chlorides much reduced. Blood chlorides reduced, nonprotein nitrogen high if 
oliguria is marked. 

Pneumonia, Atypical. Make culture and stain film of sputum to exclude bacterial in- 
fection. Leukocyte count not increased. Examine scrum at intervals for "cold’’ agglutinins. 

poliomyelitis. Examine spinal fluid (See p. 205 ) Culture on blood agar to exclude 
ordinary forms of meningitis. Moderate neutrophilic leukocytosis at onset. 

Polycythemia. High red cell count (over six million) with increased blood volume. 
Increased viscosity. Evidences of active red cell regeneration, neutrophilic leukocytosis 
with often a few myelocytes, and increased platelets. High blood calcium. Basal 
metabolic rate often accelerated. In selected cases test renal function and liver function. 

Pregnancy. Increased sedimentation rate. Reaction to Friedman or Aschhcun-Zondck 
test positive. (See p, 88 L) 

Pregnancy, Toxemia of. Examine urine for evidences of nephritis. Test for ketone 
bodies, ratio of NHs/urea and other evidences of acidosis. Tests for renal function and 
liver function. 

Prostau'c Hypertrophy. Examine urine for albumin, casts, and evidences of infection. 
Make culture. Test nonprotcin nitrogen or urea and creatinine in blood. Usual tests of 
renal function not applicable except with catheterization. 

Purpura Haemorrhagica (Thrombocytopenic). Platelet count reduced. Bleeding time 
prolonged Clot retraction impaired. Reaction to tourniquet test positive. Coagulation 
time usually normal. May show secondary posthemorrhagic anemia. Leukocyte count 
variable. 

Pyelitis. See Urinary tract infections. 

Pyloric Obstruction. Examine fasting stomach contents for evidences of retention. 
Roentgenogram Oliguria. Dehydration, with high red cell volume, high plasma proteins 
Low blood chlorides and bases, and high nonprotcin nitrogen and urea (normal 
creatinine), falling rapidly if diuresis is established. If HCl is vomited, alkalosis wi 
high plasma bicarbonate and tetany. (Sec Gastric ulcer. Gastric cancer.) 

Rabies. Keep dog, which has bitten patient, alive to observe symptoms. If dog ** 
been killed, make smears from cornu Ammonis and stain by Giemsa’s or Mann’s stain or 
Negri bodies, (See p. 207.) , , 

Relapsing Fever. Examine blood for spirochetes with darkfield or Ifldia-mk me < 
or in thick smears stained by Wright’s or Giemsa’s stain. (They may be absent rom 
peripheral blood during afebrile period.) If not found, inoculate a mouse and examine 
its blood after 24 and 48 hours. Neutrophilic leukocytosis in acute cases. Differentiate iro 
malaria, yellow fever. Wed’s disease. . . w 

Rickets. Blood phosphorus usually low, calcium normal. In some cases ca enun 1 
and phosphorus normal. Product of Ca X P is below 40 and often be ow 
phosphatase increased, Examine blood for anemia. Roentgenogram. 

Rickettsial Infections. Inoculate nearly grown male guinea pig intrapentonc 
1 ml blood obtained during febrile period. Take temperature of pig ^egu a 
watch for febrile reaction after 5 to 12 dayr. Watch for twelfths of rcrot™, 
amine scrapings from tunica vaginalis for rickettsiae (Mooscrboes). TaWe % 
sections for small proliferative nodules and perivascular mfiltra ions. ( 
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p, 22,) Test senun of patient after seven days for agglutinins for Proteus OX 19 (Weil- 
Fclix). Moderate neuuophilic leukocytosis. 

Rocky Mountain Spotted Fever. See Rickettsial infections. 

Scabies- With the aid of a hand lens examine the infected skin for a btack line which 
maiks the tunnel for the parasite. The female can be found at the end of the tunnel 
and removed. Look for ova or mites in any stage of development in scrapings from skin. 

Scarlet Terser. Neutrophilic leukocytosis of 12,000 to 15,003 with early increase in 
eosinophils. Make culture from throat on blood agar for hemolytic streptococci. Test for 
Schullz-Charlton reaction. Watch urine for evidences of nephnus. Make Dick tests and 
throat cultures on contacts. 

Schistosomiasis. Examine urine (S. haematobium) and feces (5. japonicum and S. 
mantoni ) for ova, particularly in masses of blood tinged mucus. Blood in urine. Examine 
blood for anemia and cosinophilia. In late stages test liver function. Complement' 
fixation reacuon positive with special antigen. 

Scurvy. Reacuon to tourniquet test of capillary resistance positive (as in purpura). 
Reduced excreuon of cevitamic acid in the urine. May cause hypochromic anemia. 
Septicemia. Make blood culture. Neutrophilic leukocytosis with shift to the left. 
Smallpox. Initial leukopenia followed by neutrophilic leukocytosis in pustular stage. 
Monocytes increased. Try Paul’s or McKinnon’s inoculation tests. (See p. 195.) 

Sporotrichosis. Culture on Sabouraud’s agar or potato for eight days or more Direct 
smears usually do not show organisms. 

Sprue. Examine the frothy, pultaceous stools for undigested food anJ excess fat (25 
to 40 per cent), chiefly fatty acids Make gastric analysis (occasionally an achlorhydria). 
Examine blood for anemia, usually macrocytic, like pernicious anemia; occasionally 
hypochromic. Blood calcium reduced. Glucose tolerance curve has flat peak 
Syphilis. Primary stage Look for T pallidum in serous exudate from chancre in dark* 
field preparations (or stained films). If negauve, and utcer is healing, examine juice 
aspirated from regional bubo. 

Secondary, ternary and latent eases: Make complement-fixation or flocculation tests. 
Examine serous fluid expressed from secondary lesion* by darkficld. Examine spinal 
fluid if clinical evidence of disease of the nervous system is present; and in all cases be- 
fore treatment u slopped 

Tetanus. Inoculate white mouse or guinea pig and make anaerobic culture* from 
curetting* from the wound. (See p. 70) Rarely found in smears. Inject filtrate from 
culture into two guinea pig*, one of which should be protected by injection of anti- 
tcianic serum 

Thrombocytopenia. See Purpura haemorrhagica. 

Thrush. Make scrapings from lesion* and examine in 10 per cent KOH solution. The 
organism, Candida clheant. may be cultivated on Sabouraud’s medium It slowly lique- 
fies gelatin and blood verum and acidifici and clots milk. In cultures there arc budding 
y caulikc forms and mycelial threads. 

Thyroid Disorders. See Exophthalmic goiter and Myxedema. 

Transfusion. To select donor, secure individuals of the same blood group (or group 
O), and match the serum of the recipient with the cells of the donor and vice versa Test 
for Rh factor in all women, and in men receiving repeated Uansfuuons Exclude syphilis 
by Kolmcr or Kahn test and by physical examination. Exclude malaru by history anJ 
stained Uutk blood film*. 

Tnchiniasis. Usually high leukocytosis anJ counop hi! u. Secure suij<ctcd meat, e* 
amine for encysted larvae in jtess preparations, or digest in aiuficui gastric juice, and 
collect larvae in Bacrmann apparatus (see |* C4S) May feeJ meat to rat or mouse and 
caamtne muscles untilaily aficr 10 days. O-nng second ia third week take 5 to 10 ml 
blood m dilute acetic acid and examine sediment loc larvae, Alice tciond week excite a 
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bit of muscle from deltoid or pectoralis near insertion and examine. Make intracutancous 
test with Bachman antigen. 

Trypanosomiasis. Examine blood or gland juice for trypanosomes in fresh preparations 
or stained thick films. When sparse, concentrate in blood by centrifugation and make 
films from leukocyte layer (see p. 522). If not found, inoculate a rat or guinea pig 
intraperi tones! ly with blood, gland juice, or emulsion of excised gland and examine 
blood at intervals. Reaction to formol-gcl test often positive. In lethargic stage examine 
spinal fluid for parasites. Cell count and globulin increased. Differentiate from kalaazar, 
malaria, syphilis. 

Tuberculosis. Make acid-fast stain of smears from sputum, fasting stomach contents, 
feces, or urinary sediment. If necessary, first concentrate by digesting in alkali or anti- 
fornun and centrifuging. Culture on special egg-yolk media, or blood agar to which a 
few drops of glycerin have been added Inoculate guinea pig. Blood cultures may be 
positive in miliary tuberculosis High monocyte-lymphocyte ratio indicates progressive 
lesion. Positive diazo reaction m urine an unfavorable sign. In special cases make mtra- 
cutaneous tuberculin tests. Sedimentation rate increased in proportion to activity of 
disease. 

Tularemia, fit the car/y stages inoculate mouse or guinea pig with material from 
local lesion or regional glands, or with blood. At autopsy look for characteristic lesions 
(small caseous foci in organs) and make cultures from blood and organs on glucose 
cystin blood agar. After the first week test blood for agglutinins. Differentiate from 
Brucellosis, plague, 

Typhoid Fever. Neutrophilic leukopenia; relative lymphocytosis; eosinophils reduced 
or absent. Blood culture usually positive during the first week, later less frequently 
obtained Culture urine and feces on MacConkcy, S. S., and bismuth sulfite media 
Make agglutination test after 7 to 10 days In suspected carriers culture unne and 
feces or duodenal contents. Differentiate from paratyphoid fever, brucellosis, malaria, 
typhus, miliary tuberculosis, liver abscess, kala-azar. 

Typhus Fever. See Rickettsial infections. 

Undulant Fever. See Brucellosis. 

Urinary-tract Infections. Examine sediment immediately in hanging drop and in 
films stained by Gram’s method Collect specimen with sterile precautions or by catheter 
and culture on MacConkey and blood agar plates. In special cases search for tubercle 
bacilli by stain and culture and confirm by guinea-pig inoculation. Digest sediment in 
alkali if abundan t or con ununa ted 

Yellow Fever. Early neutrophilic leukocytosis which in a few days falls to normal 
or below. Increasing albuminuria with granular and epithelial casts from the first or sec- 
ond day Oliguria or anuria in fatal cases. Bile pigments are present in blood and unne 
in increasing amounts from the second or third day Inject blood of patient (during t 
first three days intracerebrally into mice Serum of cases after recovery shows c 
long protective power Differentiate from severe malaria, blackwater fever, infectious 
jaundice, relapsing fever, dengue, influenza. 
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A 

Ai ami Ai agglutinogens, 407 
A and It subsunce (Wucbskjr), 407 
Abscess, amebic. 530 
AtsiJiu c ory miifer, 234 
Absorption of agglutinin, 263 
Acacia, gum, solutions of, 413 
Acanthoccpliala, 55$ 

Aiunihochnlonernj periunt. 621 , 6S7 
Acantu, 661 

Acctanilul poisoning, 449 
Acetone in urine, 834 
Acetyl methyl<arbuv>l reaction, 135 
Achlorhydria gaitnca, 8' <• 

in idiopathic lispoehronuc anemia, 433 
in pernicious anemia. 437 
Achrestic anemia, 436 
Achronua (red cells), 416 
Achylia guinea, 866 
AoJ, free hydrochloric, 86$ 
normal curse (gastric), 864 
lactic, 663 

ptoduclion, bacterial, 16 
titratablc. in urine, 840 
urine sediment, 821 
\t id base ciiuilihnum, 797 
slistut batsces "(, bQi 
tests (.», 805 

Acid (li,r>tinn mixture, 766 
\ud (ait bactrru, 75 
staining <>(. 3(>5 
Acsduiis, 802. 804 

tW*t sUutniifUtVstl of. £QS. 606 

in diabetes. 8u5 
in renal uiiuCkiciscs, 605 
Aclsec j“ >i wrung. Hi 3 
Acne bacillus. 743 
.4, o. m nikrrJ, 934 
.Vomte iu,mr,g, 941 
hnoKli ulul 122 

liir.rrrn HO, 122 

firWowJ.V* |’l 
Au^nutt hi./ 63 

«Mrl ra.';, 147 
Irsui. 237 


Aciinumycctm, 271 
Actinomycin (A and D), 272 
Actinomycosis, 69 
Adaptation, of parasites, 12 
of siruscs, 192 

Addis counts of cells in urine, 821 
Addisin, 436 

Adiusants (antigenic). 283 
Aides aegypii. 220. 222, 6S8, 690 
elbopetus. 668, 690 
geographic distribution of species. 691 
hebndcus. 688 
Uucoirljneus 22 1 
pttudoscutclhris. 619, 690 
uutclUns, 68 8, 690 
Aerobjctcr. 102 
aerogenei. 139 
cIojcji. 140 

Agar (see Culture media) 
blood. 341, 346 
nutrient, 341 
plates, 13 
Agglutination. 285 
diagnostic use of, 286 
Drcycr s standard emulsions, 287 
in brucellosis, 112 
in dysentery (bacillary ), 137 
sn infectious mononucleosis. 464 
m Li flat fir j infection, 1 60. 287 
tn primars atypical pneumonia, 213. 

411 

in rickciisul infections, 180, 184 
in tulairmu 116 
sn typhoid ton, 127 
macrosepu 286 
micros, > pM 2n7 
of l.u nan ted Hood {tils, 403 
of mrntrg'iocci, 52, 54 
slide lest. 2*7 
Agg'ur.n.n. >5 
absorption of, 2 S3 
»ur.» 213 411 
odd 214 411 

group 2*6 

beter. .Id 28|. 464 
Lurun sw> , 4 >2 
acrsO 4,3 
Run,* «10 
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Blastosporcs, 229 
Bleeding lime, 401 
Blood, agar, 341 
alcohol in, 792 
alkali reserve, 800 
animal inoculation with, 818 
ammil parasites in, 81 8 
arterial, obtaining, 609 
bicarbonate in, 7 99 
bromides in, 797 
cadaver, for transfusion, 4H 
calcium in, 781 
capillary, obtaining, 377 
carbon dioxide in, 799, 800 
combining power of plasma (Van Slyke), 
806 

content, of plasma, 808 
of whole blood, 809 
carbon monoxide in, 814 
cells, origin of, 422 
plate of, (Plate 11) facing 420 
chemical constituents, table of, 764 
chemical examination of, 763 
chlorides in, 779 
cholesterol in, 790 
esters in, 791 

coagulation, mechanism of, 467 
time, 401 

color index of, 416 
counting platelets, 386 
red cells, 383 
reticulocytes, 392 
white cells, 385 
creatinine in, 771 
crises, 437 
cultures of, 816 

in bartondbasis, 187 
in brucellous, 112 
in endocarditis, 38 
in meningococcus infections, 51 
in pneumonia, 42 
in staph) lococcai infections, 47 
in tuberculosis (miliary), 83 
in typhoid fever, 127 
diastase in, 797 

differential count, normal, 390, 425 
films, 387, 391, 506, 507 
fixation of films, 389 
fragility test, 394 

fresh preparations of, 378, 393, 520 
glucose in, 773 
groups, 402 

determination of, microscopic method, 405 
open slide method, 405 
sources of error in, 406 
tube method, 406 
hemoglobin in, 378 
iron in (Wong), 382 
medicolegal test for species of, 289 


INDEX 

Blood — {Continued) 
microfilariae, examination for, 646 
nonprotan nitrogen in, 766, 767 
normal cell count, 415, 418 
occult, test for, 836, 856 
oxygen capacity of, 415, 809 
content of, 812 
saturation of, 812 
pH of, 798, 799 
phosphatase in, 784, 785 
phosphorus (inorganic) in, 782 
plasma protans in, 787 
platelets, 430 
counting, 386 

precipitation of protein, 763 
preservation for transfusion, 413 
reaction of, 799 
ted cells of, 415 
Rh factor, 403 
saturation index of, 416 
sedimentation rate of, 395 
serum media, 345 
spectroscopic tests for, 812 
spots, determination of group of, 412 
staining films of, 388 
subgroups, 407 
substitutes for, 413 
sugar in, 773 
tolerance tests, 776 
sulfonamides in, 794 
supravital staining of, 392 
tests for, 812 
thick films of, 391 
thiocyanates in, 796 
transfusion of, 404 
tubes for collection of, 377, 762 
urea nitrogen in, 768 
uric acid in, 771 
venous, obtaining, 377, 762 
volume of, 398 
index of, 416 
white cells of, 418 
Blow flie*. 703 
Boas' reagent, 863 
Boas-Oppler bacilli, 99, 862 
Bodies, Donovan’s, 148 
Howell -Jolly, 418 
inclusion, 191 
Leishman-Donovan, 516 
Boeck and Drbohlav'a media (amebae), 
555 

Bollinger bodies, 192 
Bone marrow, aspiration of, 399 
differential count (normal) of, 400 
Boophilut annulaiuj, 1 92, 658 
palpi of, 669 

Bordet-Gengou bacillus, 107 
medium (pertussis), 344 
Borrel bodies, 192 
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Barrels, 150, 152 
babylonennr, 154 
bctbera, l 54 
' buccaht, 155 
earteri. 154 
cultivation of, 153 
duttotii, 153 
noiyi, 154 , 154 
per ska, 154 
rerurrcntit, 152, 152 
imeentii, 154, 155, 156 
Rot fiici, “07 
Dottle bacillar, 743 
fliei, 703 
Botuhtm. 71 
iioutonncutc fever, 177 
Bovine tuber culom, SO 
Brathjccra. 683, 698 
antennal (turxicn of. 68} 

I'. rain medium, 347 
Bromcretol purple milk, 347 
Bromides, in blood, 797 

Katzenc[bogcn and Czjriki-Wuth method, 
797 

in urine, 797 

flromrulfalcin excretion ten. 873 
Broth media, 340 (/re Culture media) 

Liebig' i extract in, 340 
meat infuuon, 341 
nutrient, J41, 359 
tugir free, 343 
B/ownun movement, 15 
BrueelU aboriur, 108 
tronctilirpiK*. 30, 103 
differentiation of tpccies, 109 
h)drog«l lulfide production by, 3J1 
incidence m man, 110 
mrltUnni, 103 

«or, 108 
Bnicellcrgtn, 113 
BrucelloMi. 108 

bltxal culture* in, 817 
clinical mamfcitatiunt of. Ill 
dugnnvtt d, 1 12 
tniracutatirrMit te»t for, 113, 302 
optonoc) tnpfugic index. If 3. 290 
Hula). climatic. 215 

Buchner v anaerobic metlod, 919, 920 
Buffalo i'ju, £.55 

But! tied p So, {.bate uJuuon, for blood itarnt, 
3«l 

for utr«K. *69 
BuiTrn. <58. 921 
J (inaJ), 570. 572 

C 

Oa!»4 » ttfjv. 418 

Cadaver tw^d (Uanduiiws), 414 


Calabar swelling*, 624 
Calciferol, S94 
Calcium, in blood, 7S2, “S3 

Qark-Colhp method of determination, 781 
in coagulation, 467 
oxalate in tinne, S23 
Calculi, urmar), £25 
Gj lltphora tTijhrocepkjJj. 703, 708 
t omttona. 703 

C ammuige'r method (fat/), 857 
Candida albtcam, 246, 246, 247 
table of iptcici of, 249 
Candidiases, 246 
Canicola fever, 158 
Cannabit indtcJ, 935 
tarn*. 935 
Cxmhanam, 674 
CapdUrta AepaiiCJ, 609 
Capdlar> ptpett, 913 
reuttancc test, 402 
Capiule stains, 366 

Capsule-swelling reaction, with influenza bacilli, 
105 

with meningococci, 53 
with pneumococci. 43 
Ca/ate. 172 

Caiboh>dratc metabolism, 775 
Ca/boh)dratci. fermentation of, f6 
Ca/bolfuchiin itain, 363 
Carbon dioxide, combining power of plasma, 
S06 

content, in plauna, SOS 
in whole blood. S09 
deficit, primary. 694 
excot, primary. S03 
in blood. 7 99. f 00 
tension. in alveolar air, £06 
incicaied, for cultures, 920 
of BrturlU Aboriu/, )D9 
Caibon motvmde, ton for, 814 
Carbonate free alluli solution, 922 
Carcinoma, gatinc. 441, S66 
Cardiolipin antigen, 331 
Carotin. 873 

Camera, in amtbiam, 527, 530 
in efwJera, 143 
in diphihetu, 97 
in d>ientery, 1 16 
in maJaru. 492 

in mcnmgKoicui infections, 54 
in pneumonia. 4 1 
in poliomj eliiu. 204 
in tjpSnwl fever. 127 
Camon't diieaie. 157 

Giu.ni reaction (CrA,«accx<kr). 893, 60 
Cxitanrdx t sum (luketluae], 36 J 
Cam in u-ine, 822. 822 
C.I b«ie frvrr. 161 
Cat f.ih. 72% 
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Caterpillars, 674 
Celiac disease, 440 
Cells, in cytodiagnosis, 748, 759 
in urine, 870 
Centipedes, 656 

Ccphalin-cholesterol flocculation test, 875 
Cephalotponum grartttlomaltt, 267 
Ceratophyllus jatciatut, 1 18 
Cera topogonid a e, 687 
Cercaria, 562, 563 
Cerearia) dermatitis, 571 
Cerebrospinal fluid, 745 
bacteriologiC examination of, 755 
cell count in, 748 
chemistry of, 749 
colloidal gold test of, 750 
globulin, increase in, 748 
in disease, 754, (table) 756 
Kahn reaction in, 314 
Kolmer complement fixation reaction in 
327, 329 
mastic test of, 753 
pressure of, 745 

effect of hypertonic solutions on, 746 
puncture for, 745 
tubercle bacilli in, 755 
Ccstodes, 578, 637 {»te Tapeworms) 
ova of, 588, 630 
Chagas’ disease, 520 
Chamberland filters, 917 
Chancres, aspiration from, 368 
Chancroid, 107 
cultures from, 107 
mtracutaneous tests for, 107,302 
Charcot-Lejden crystals, 738 
in feces, 549, 550, 853 
Cheese mites, 665 
skipper, 707 
Cheilosis, 890 

Chick embryos, cultivation in, 17 
Chicken mite, 665 
pox, 197 

Chickens, natural infections of, 50 
Chiggers, 662 

Chtlomatttx metmli, 531, 548, 548 
Chilopoda, 656 
Chlamydospores, 229 
Chloral-gum media, 710 
Chlorides, in blood, 779 

Van Sljkc'Sendroy method of determina- 
tion, 779 

Wfutehorn method, 779 
in cerebrospinal fluid, 750 
in unne (Volhard -Haney method), 839 
Chlorinated water, bottles for, 361 
Chloroma, 461 
Chloroqume, 493 
Chlorosis, 434, 435 
chronic, 433 


Chocolate agar, 341, 343 
Cholecystitis, 869 
Cholera, 141 
acidosis in, 804 
blood chlorides in, 780 
carriers in, 143 
clinical manifestations of, 143 
diagnosis of, 143 
in water, 143, 145 
media for, 357 
red reaction', 142,358 
transmission of, 1 43 
Cholesterol, in blood, 790 

in Schuller-Christian disease, 464 
esters, 791, 876 
Chononepuhelionia, 884 
Chromatin dust, 418 
stains, 388 

Chromatoid bodies, 539 
326, Chrom obaetenum lanthinum, 146 

vtolaccum, 146 
Chromoblastomycosis, 270 
Chromogcmc bacilli, 1 45 
Chronic passive congestion, N.P.N. in, 
Chrysomyia {tee alto Cochltomyta) 
bezztana, 70 6, 708 
Chrytopt dimidiota, 621, 698 

d it calt t, 1 1 4, 698, 699 
ttlacea, 621, 698 
Chyluria, 819 
Ciguatera, 723 
Cilia ta, 486, 487, 5 33 
Cimex hemiptertts, 676 
lectulanut, 676, 677 
-Cimicidae, 676 
Cisterna puncture, 747 
Citrate agar (coiiform bacilli), 349 
utilization test (coiiform bacilli), 138 
Citrinum, 272 
Clasmatocytes, 394 
Classification, of amebae, 524 
of anemias, 431 
of animal parasites, 476, 479 
of bacilli, acid-fast, 75 
branching, 74 
Gram-negative, 101 
sporc-bcartng, 57 
of bacteria, 3, 4 
of cescodcs, 578 
of cocci, 31 
of diptcra, 682 
of flagellates, 530 
of flatworms, 560 , 578 
of flukes, 560 
of fungi, 226 
of helminths, 557 
of insects. 671 
of malaria, 488 
pf mites, 662 
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Gasiification — ( Continued ) 
j of mosquitoes, 687 

{ of nematodes, 595 

' of pneumococci, 40 

| of Protozoa, 485 

i of round svofms, 595 

j of neks. 665, 668, 670 

| of streptococci, 31 

j of ileuses. 194 

CUi •kept pttrpurct, 228 
Qaviformin, 272 
Cleaning, fluid, 36 1 
glasses ate, 337, 387 
Gimme bubo, 215 
Clanorchii linen fit. 571, 725 
mum of. 571 
| Cloutvitum. 7 , 63 
bifermtn/ant, 67 
botutiniim . 71, 72 
(hautroa. 66 
War, 63 
hutoJyiHutn, 68 
not yn, 67 
prrfnngrni. 62, 63 
culture of, 65 
ttplicur*, 66 
, iporogeitft. 68 

, lertium, 64 

Itloni. 66 

j uric hit, 63 

Cnagutase icit, 46 
Coagulation time, 401 
Lee* White method, 401 
of capillary blood. 401 
Cobra, 718 
Coca's solution, 297 
Cocci, 3 1 , 33 
Cram-negative, 48 
Coccsdia, 534 

Coccidioidal granuloma, 234 
CocaJioiJrf immilu. 235. 235 
Cuccuhiudin, 236 

Cothhomyu ummsjnj, "04, 70S, 708 

matrlljiu, 70 < 

Ccknudio, 672, 67} 

Cicltnieraics, 726 
Cofnunti larva, 582 
Cold, agglutinins, 213, 4 J 1 
ihe common, 212 
(aJmpitta, 675.674 
CtJi/ocm h*.sll*. 138 
drirciMin in water, 137 
Cdtlis. amthif. 523 
CollokU foil ir.t. 750 
\ «uuk «*t.75J 

O t.rtn'nan sfwaird fever, 177 
} <a-l.,T Was. til 

Colonies, (kar«itr«itiKi <J. 15 
’ ii, Jan >n i J. 12 


Colonies — (Continued) 

C colonies, 9 
rough i>pe, 8, 8> 105 
smooth tipc, 8, 8, 105 
Color index (red cells), 416 
Colorado tick fever, 223 
Colorimetrrs. 927 
Colonmein. 927 
Colubrinc snakes, 714 
Combined sclerosis, 437, 891 
Commensalism. 475 
Common cold. 212 
Complement. 284 
fixation, bacterial, 291 
in amebusis. 555 
in hlastnm) costs, 241 
in CoccidioiJn infttunn, 236 
in Echtnococcui infection, 594 
in gonorrhea, 50 
in helminth infections, 649 
in leishmaniasis, 517 
in Ijmphogranuloma inguinale, 216 
in malana, 505 
in rickettsial infections, 183 
in schistosomiasis, 576 
in sjphihs, 317 
in inchmiaui, 615 
in trypanosomiasis. 523 
preparation of. 321 
preservation of, 322 
titration of. 325 

Concentration methods, of amebic cysts, 554 
of microfilariae, 646 
of o%» in feces, 641 
of tuberde bacilli, 82 
tests of renal function, 842 
Condensers for microscopes, 913, 914 
Cone-nosed hugs, 654, 676 
Conglutination, 410 
Congo floor maggot, 707 
red lest fur amyloidosis, 831 
ComJia, 22 9. 238 
Conuliophore, 238 
Conjuncfisal infections, 731 
Contact dermatitis. 297 
Control measures foe .feJei, 692 
AnopktUt. 694 
bedbugs. 676 
black flies, 686 
cockroaches, 674 
CtJn 673 
fleas, 680 
Cukes, 565 
(UeiiiKj. 701 
Waist 15 r. 702 
Ise, 679 
fflalgrt. 6*7 
(xtssatiadev. 4v» 
njrhn a m*. <44 
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Control measures — ( Continued) 
rcduviid bugs, 678 
rodents, 681 
spiders, 661 
tapeworms, 583, 590 
ticks, 668, 670 
trichinae, 613 
trombiculids, 663 
Cooley’s anemia, 453 
Copepods, 656 

Copper deficiency anemia, 435 
Copra itch, 665 

Coproporphyrin excretion, 438 
Coiacidium, 580 
Coral poisoning, 726 
snakes, 715 

Cordylobia anthropophaga, 707 
Cornmcal agar (fungi), 359 
Corynebactcnum, 90 
acnes, 743 

dtphthenae, 91, (Plate I) facing 90 
grans, 91 
tmtis, 91 

pscudodiphthcriticum, 97 
pseudotuberculosis, 120 
xerosis, 97 

Cotton-blue lactophenol, 233, 368 
Cough plate culture, 740 
Counting, blood cells, 383 
celts in cerebrospinal fluid, 748 
vaccines, 304 
Crab louse, 679 
Creatinine, in blood, 771 
in urine, 839 

Creeping eruption, 603, 707 
Crisis, blood, 437 
Cnslispira balbtam, 150 
Cut hid sa, 512 
Crush syndrome, 446 
Crustacea, 656 
Cryptococcosis, 243 
Cryptococcus farctmmosus, 243 
neoformans, 243 
Crystal-violet agar, 346 

lactose broth (water analysis), 359 
Crystals in unne, 823, 823, 824 
Ctcnocephahdcs cams, 680 
combs of, 681 
jelis, 680 
Culex, 692 
larva of, 692 
pipiens, 199, 200, 692 
qutnqucjasciatus, 619, 692 
tarsal, s, 199, 200, 692 
tntaemorhync hus , 692 
Cuhcidae, 687 
Culicini, 688, 689 
Cuhcotdes, 686, 687 
austent, 621 


Cuhcotdes — {Con tin tied) 
jurens, 621, 687 
grahami, 621 

Cultseta inornata, 199, 200 
Culture media, 338 
agar, 341 

Aronson's (cholera), 357 
Avery's (pneumococcus), 43,346 
bile-salts citrate agar {Salmonella, Shigella) 
354 
media, 354 

bismuth sulfite agar {Salmonella), 355 
blood agar, 341 

blood-glucose-cystine agar (P. tulareans), 
346 


bromcresol-purple mdk, 347 
broth, 340 

for water analysis, 359 
carrot agar, 231 

casein hydrolysate-starch {Neisseria), 344 
chick cmbryo-Tyrodc’s solution, 191 
chick embryos, 17 
chocolate agar, 341 
for gonococci, 343 
cholera media, 357 
citrate agar (coliform bacilli), 349 
clearing of, 338 

cooked meat medium (Clostridia), 347 
cornmcal agar (fungi), 359 
crystal-violet agar, 346 
lactose broth (water analysis), 359 
cystine-blood-glucose agar (Brucella), 34 6 
cystine-tellurite agar (diphtheria), 345 
dehydrated media, 338 
desoxychohte agar (enteric bacilli), 360 
Dieudonne’s (cholera), 358 
digest broth, 344 
diphtheria, media for, 345 
egg-yolk media, 347, 348 
Endo’s (typhoid-colon), 353 
Enlow's sugar-free, 343 
cosin-methylcne blue agar (enteric bacilli), 
353 

fecal bacteria, media for, 123, 353 
Fddes’ peptic digest {Hemophilus ) , 344 
fuchsin lactose broth (water analysis), 360 
gelatin, 349 . 

glucosc-cy stine-blood agar (?■ tularensis), 
346 


glycenn agar, 341 
gonococcus, media for, 343 
Hemophilus, media for, 344 
indicators, 339 .. « 

Kirchncr’s (synthetic, for tubercle bacillus;. 
349 

Kbglcr's iron agar (entenc bacilli), 356 



Culture media— (Conunufd) 

Krumwiede'i tnple sugar, 357 
lead icctitc. 351 
LstthmanJ, medu for. 523 
l-eptotpin. medu for, 159 
Lcstnthal t. 344 
Loefilcr't blood serum. 345 
bintniinn’t (tubercle bacillus), 347 
MacConko's (enteric bacilli), 354 
incat, cooked (Clostridia), 347 
infusion, 341 

met li) bred test medium. 350 
milk. 347 

Mueller'* starch casein hydroljsaie (New- 
tent), 344 

nitrate peptone water. 3)2 
peptic ilipu. I tides' (llemopfiilui), 344 
peptone -dextrose solution (coliform bacilli). 
350 

peptone naier. 352 
alkaline (cholera), 35S 
I’cl/afinani'a (tubercle bacillus), 343 
phenol-red broth, 342 

proteoie Jxptone chocolate agar (gonococ- 
cus), 343 

protozoa, medu for, 523. 555 


Seneknr * (l/nln,nu), 523 
sodium luppurate broth (streptococci), 349 
tpiroehctei, medu for. 153 
SS agar (Sdmor.dlj, 5fugrlU), 354 
i land animation < f. 339 
Mareh-eavon h)dr<il)«atr ( Saltern ), 344 
ttenlirauon of, 340 
iu fc ar free medium (bnlour's), 343 
tufit medu, 3^6, 357 
sjnthcttc, f'<r cuiffde bacilli, 349 
tartrate (Salmonella), 350 
tellurite (diphtlieria). 345 
trtrathi"ftate broth (Salmonella). 352 
thi>.g!»c<JIat*. 342 
lonu to |UKf agar (laet .bacilli). 337 
146 

ti) I’lnie t'uti'ieemmt mdk agar (milk). 35) 
lubcrtlr bacilli. media lor. J47 
urea medium 13) 

Vri.o M a (l-effo J53 
«i.4(t ted l.lr agar U.jJotm ba.iSi). J60 
med«a f 1 ft 

»atr» »-ulnii.ti«!u lot. 359 
tV'arr*. drrjMu’-ei, 14 

»tu, ,.«.}) 

12 

H 

r^Mtr. *>)» 
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Cutaneous reaction* {see alio Htpertcmttite* 
Bet*) 

in blastom) cons, 240 
in brucellous, 113 
in chancroid, 107 
in CocadioiJer infection, 236 
in diphtheru, 95 
in echinococcosis, 594 
in filarusis, 626 
ia glanders, 121 
in granuloma inguinale. 149 
in helminth infection*, 649 
in histoplaimon*. 245 
in leishmaniasis, 517 
in leprosy, 87 

in hmphogranuloma inguinale (1'rei), 216 
tn polhnosis, 297 
in scarlet feser, 36 
in scrum disease, 295 
ui trcmaiodc infections, 576 
in trtchinusis, 615 
in tnchopb} tosis. 256 
in tuberculous, 84 
table of diagnostic tens, 302 
technic of tens, 295, 299 
*>pes of, 300 

Cutler's method (sedimentation rate), 396 
graphic chart, 397 

Cjanogcnetic glucmulcs, poisoning with, 940 
C> clops, 5S4. 616. 622. 656 
Cjclorrhapha, 683 
CjMicercoid, 581 
Cyttirercui, 581, 592 
cellulott e. 591 
Cjitinc agar. 345, 346 
C)stmuna, 824 
Cjititis, 8(8 
C)K«Jugnoiis. 749 

T> 

Dabolt rnurlU, 715, 716 
D'Antom’s iodine solution. 553 
Daikficld illumination, 914 
I>*turs prnior.iag, 941 
Ili3 T,, action on bedbugi, 6*6 
l lack flics. 6(7 
<(«.kroaclics. 674 
Gcas. 681 
bouie *3jr. 702 
• we. tr> 
nudges, 63/ 
mites, 664 

r-ioi,]uiti<i, t <3 

rk’/fclena/ 6‘3 
spaJris. 661 
treks. U.t 
2) r<rCtft.(.-J 

lau.r. 475 
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INDEX 


Degeneration, basophilic, 417 
toxic, of leukocytes, 422 
Degenerative shift of leukocyte*, 427 
Dehydration, 902 
nonprotein nitrogen in, 770 
plasma protein in, 789 
Della Vida’s formula, 438 
Del ou sing, 679 
Demo d ex folhculortim, 664 
Dengue, 222, 688 
Dental caries, 99 

Dermacentor andersotu, 114, X77, 200, 223, 666, 
667 

palpi of, 669 
tariabilis, 114, 177, 199 
Dermanytsut gallmae, 200 , 665 
Dermatitis, contact, 299 
from lepidoptera, 674 
venenata, 936 

Dermatobia homttut, 706, 708 
Derma tom) coses, 248 
Dermatophytes, key to, 250 
Derma tophy lids, 255, 257, 301 
Derma tophy loses, 248 
Dcrmotropic viruses, 194 
Dcrns poisoning, 941 
Desensitization, 293 
methods of, 295 
Desert fever, 234, 235 
Desmodut rotundut, 206 
Dhobie itch, 258 
mark dermatitis, 936 
Diabetes mellitus, acidosis in, 805 
blood sugar in, 775 
carbohydrate metabolism in, 776 
cerebrospinal fluid in, 754 
chlorides in, 780 
cholesterol in, 791 
glucose tolerance test in, 777 
phosphorus (inorganic) in, 784 
renal, 779 

Diacetic acid in urine, 834 
Dial liter pneumosmtej, 106 
Diamantti, combs of, 681 
monunut, 680 
Diaptomur, 656 
Diarrhea, acidosis in, 804 
chlorides in, 780 
Dusofle, 85, 88 
Diastase in blood, 797 
in duodenal contents, 868 
mi feces, 855 
in urine, 840 

Diazo reaction in urine, 836 
reagent, 872 

Dibothnocephalus ( see Dtphyllobofhrittm), 584 
Dick test, scarlet fever, 36, 302 
Dientamoeba fragtht, 52 7, 529, 546, 547 
Diet, Schmidt’s test, 851 


Ditudonne's cholera medium, 358 
Differential Jcukocy te count, 390 
normal, 425 

prognostic significance of, 426, 428 
Schilling’s, 427 
Digestive leukocy tosis, 425 
Diluting fluid, 385 
Dilution test, 842 
Dioctopfiyme renale, 645 
Diphtheria, 91, 733 
antitoxin unit, 94 
earners, 97 
diagnosis of, 92 
immunisation from, 96 
media for, 345 
Schick reaction, 95, 302 
serum treatment of, *96 
toxin, 92, 94 
toxoid, 92, 96 


virulence test, 93 
Diphtheroid bacilli, 90, 97 
Diphyllobothnum latum. 440, 584, 656, 725 
ovum of, 584 
tnansonoidet. 593 
Diplocoecut pneumoniae, 39 
Dipiopoda, 657 
Diptera, 682 
larvae of, 707 
sttgtml plates of, 708 
Dipy/idmm canmum. 587, 679 
ovum of, 587 
Dirofilana immitit, 626 
Dissociation, 8 
in animal body, 9 
Dittrich's plugs, 737 
Doderlcin’s bacillus, 99 
Donath-Landsteiner phenomenon, 446 
Donnan’s equilibrium, 801 
Donor for transfusion, 404 
dangerous universal, 407 
universal, 404 
selection of, 404 

Donovama granulomatu, 148, 744 
Donovan’s bodies, 148 
Darner's spore stain, 367 
Dounne, 517 

Dracuncultts medmenstt, 62), 624, 656 
Droplet infection, 107, 119 
Drug idiosyncrasies, 300 
Ducrey test, 1 07, 302 
Dunham tubes, fermentation, 343 
Dunham’s peptone solution, 352 
Duodena] contents, 867 
ferments m, 867 
Duodenal rubes, 860 
Dust extract, 298 


Dwarf tapeworm, 586 
Dyes, bacteriostatic action on 
solubility of (table), 363 


Brucella. 109 
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D) sentcry, imcfnc. 529, S35 
bacillary, 133 
Moult in, 137, 535. 536 
fhiphagu, anetnu wuh, -133 

E 

Ear uifcctKin*. 735 
f bettkeUj t) fhou 123 

£<hidaoph>g j fJItnjrfa 680 
hind cou of, 681 
hhiDucnunm, 503 
ftfunoeoctut, cysts, 591 
trjntitoiut, 500 

booklets of. 730 825 

unlcs of. 591 

intracutancous test* for, 302. 639 
mtdliloeulanl, 59 1 
tcrnlftpc enaction* fur. 639 
Ethmoitoma ilotjtum. 573 
Ut'ipatasiu, 375 
Ectothru ringworm, 253 
Ectromelu, infectious, 21 
Menu. 7t>9. 790, V06 
t-gs-tolk mtdu, 337. 338 
I bthc b * duto /rage or. 872 
urobilinogen rct^rnl. 835 
Uttrrtj tut dot, 533 
Utpt, 713 
Untie fibers, 737 
Utmcnury bodies, 102 
Ucphaniusn, 622 

liman McMnui mcth.nl (urolu'in). h55 
l lueplulitis. 108 
aileig*. 203 

cerebrospinal fluid »n, 201. 753 
(pnltmK. Fauikimw t>ye. 193 
Japanese I) pc II, 2(KI, 6/2 
Kunun ipting-sunimcr. 20J 
St Lout i ripe, 10> 

Irlhargic, J08 
mumps, 201 

(rliuJi), 2 HI 

mtuahv. 2ir> 

l-nttphal»inic1ili>. a.utc. disseminated. 2/3 
r^umr eastern t) pc, 2‘M 
\ ciciurUn type. I**3 
wtticin type. 200, 6*7, t/<2 
/ njemwAa 523. 526 
e*.'. 533 

cist. of. 537,541. 543 
if, 553 

s>*i 5 JO. 547 

529. 53a 532. 543 
*t«.. 1. 525, 531. 543 

I o>'iinn tadis <mditu>. 4''2 
lit,! tirJi'm sc! *>utt liasttiuj. J3 

1 nd mw s'j^S*. *77 
3 (»er rru4fjs4jf»«) 


Eadahttux cjai, 526, 536, 547 
Endoparasices, 375 

Endo < medium {typhoid -colon), 353 
Endosporcs, 9 
Endothru ringworm, 253 
Endotoxins, 11. 291 
Enloiv'* lugar-frec medium, 333 
EatjmorbJ {set EnJjmoeb j), 523 
Enicric bacilli, 123 
Enitrofaut i crmiculuTti, 607 
o>um of, 606 
Enterococci, 39 
Enieromonts homitut. 532 
Enzymes, proteolytic, 10 
Un in methylene blue agar (cntcnc bacilli), 353 
Dmnophilu, 32S 
in trichinosis, 615 
tropical, 609 

Eosinophilic leukemia. 361 
Eosinophils, 393. 319 
Ephcmeroptera. 673, 675 
Epidemic ceicbeotpmal meningitis, 50 
encephalitis, 198 
Epidemiology, of amcbuui, 527 
of animal parasites, 377 
nj )u/ji>ot})un%. J87 

of brucellosis, 1 1 1 
of cholera, 133 

of coccidioidal infections, 236 
of diphtheria. 97 

of encephalitis, St L«.im type. 199 
of equine encephalomyelitis. 199, 200 
of fill rum, 619 
of infectious hepatitis. 21 7 
« i leprosy, £6 

of Ltptoif-irs infections, (39 
of lymphocytic choriomeningitis, 202 
id pinti, 173 
of plague, ) 1 8 
of poliomyelitis, 203 
of psittacosis, 213 
of relapsing feser, 182 
of S*IntomIU infections, 131 
of scrum jaundice. 218 
<■1 ShgrlU infections, 136 
of tuberculosis, II 
id lulatcmu, lf3 
• 4 typhoid frset. (27 
.flaws in 
<J \tlUtw feter. 220 
1 paJermarophyraJi. 255, Ji)J 
rt-Utmcrk>t»m 258, 2UX 261, 262 

Lpulemu.phytom. 258 
l^umlenl r»"»m*l siwiunl. ?2l 
T-tHyrut lupfatst, t 77 
Fjg-.uci.d. Mtisatcd, 8/4 
1 >i >titen, 225 
Cniiw.r tew/. 7w7. 70S 
tays-jalas, 3J 
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Erysipeloid, 98 

Erysipclotfirix rhusiopathiae, 98 
Erythacma multiforme, 469 
nodosum, 234 
Erythrasma, 248 
Erythremia, 455 
Erythroblast, 417 
Erythroblastosis foetahs, 452 
Erythrocyte-maturing factor, 435> 436 
Eryrhrocy res, 415 
Erythrocytosis, 454 
Esbach’s aSbuminometer, 827 
Etchenchia colt, 138 
commutuor, 138 
Espundia, 516 
Esthiomene, 215 
Eusimuhum, 621, 686 
Eutriaioma, 677 
Eutrombtctda alfreddtigesi, 662 
Evvald breakfast, 860 
Exffogellation of plasmodia, 509, 510 
Exocry throcy tic cycle (malaria), 489 
Exo toxins, 280 

Exton-Rosc glucose tolerance test, 778 
Extrinsic factor, 435 
Exudates, 755, 760 
Eye, flics, 702 
infections of, 731 


F 

Paget’s sign, 219 
Falba, 283 
Fatima sealant, 708 
Farcy, 120 

Fasciola hepatic a, 572 
ovum of, 572 
Fascioloptts buskt. 5 73 
ovum of, 573 
Fat in feces, 852, 852, 857 
Fatty acid crystals, 852 
Favum. 445, 936 
Favus, 257 
Feces, 850 
amebae jn, 536 
bacteria in, 854 
bile in, 855 

chemical examination of, 855 
collection of specimens of, 551 
cultures of, 144, 854 
diet for examination of, 851 
examination, for helminths, 640, 641 
for ova and larvae, 641 
fats in, 852. 852, 857 
in amebic dysentery, 535 
in bacillary dysentery. 137 
in cholera, 143, 144 
in sprue, 440 


INDEX 

Fcccs — ( Continued ) 
microscopic constituents of, 85 1 
occult blood in, 856 
pancreatic ferments in, 855 
plating media for, 353 
preservation of specimens of, 644 
pscudoparasites in, 549, 550 
soaps m, 852 
starch in, 852 
urobilin in, 855 

Felix-Wed reaction (typhus), 141, 180 
Fermentation, by bacteria, 16 
tests for glucose, 832 
tubes, 343 

Ferments in duodenal fluid, 867 
Fever, basal metabolism in, 880 
Fibers in urine, 825 
Fibrinogen, 467, 788 
determination of, 787 
in diseases of the liver, 876 
Fibrinolysm test, 370 
Fibnnopenia, 467 
Field’s stain (protozoa), 508 
Filanasis, 622, 690, 692 
diagnosis of, 624 
geographical distribution of, 617 
insect transmission of, 616 
Filariform larvae, 598, 633 
table of, 61 1 

Fddes’ peptic digest {Hemophilus), 344 
Films, bacterial, 362 

blood, on coverslips, 387 
on slides, 387, 507 
staining, technic of, 388 
thick, 391, 506, 507 
Filters, 917 

Filtrabihty of viruses, 189 
Filtrable viruses (see Viruses), 189 
Filtration, 918 
Fish, poisonous, 722, 72 3 
Fish-handlers’ disease, 98 
Fishberg concentration test, 842 
Fixation, of arthropods, 712 
of blood films, 389 
of complement, 291, 317 
of tissues, 920 
Flagella, 15 

of typhoid bacillus, 125 
Flagellata, 511 

morphologic forms of, 512, 513 
Flagellates, 485 
intestinal, 530 
FJatsvorms, 560, 578 
Flavicidin, 272 
Flavicifl, 272 
Fleas, 654, 679 
preservation of, 712 
vectors of plague. 1 1 8 
Flesh flies, 704 
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Flict, 654* 6S2, 698 
lame, itigmal plate* of, *3Q3 
Flocculation reacuoni in *) plain, 305 
Flotation method i, 609, 642 
Ilulxa, 560, 561, 635 
claudication of, 560 
immature stage* of, 562 
life history of, 563, 564 
of blood, 566 
of intestine*, 573 
of lner, 571 
of lung*. 574 
ora of, 567, 568 , 629 
Foam cell*, 463 
Voettt, Rsvctotcopveal, 912 
Folic and, 901 

anrmu due to deficiency of, 439 
in pernicious anemia, 439 
in tpruc, 440 

FolmAVu *>ucm of blood anal>m, 763 
Tontana stain (tpirochttc*), 367 
fomt*' 1 laming method (m>cobauena). 366 
Fund-deficiency disease*, S55 
Food poisoning, 46, 72, 131 
l'oot-and-nKniih disease, 197 
Formalin fixation. 921 
F imui/l-Rel test Oula-azar). 523 
F’orssmann antigen, 281, 465 
Fouls, natural infection* of, 30 
F factional gastric anal) sis, 860 
sterilization. 340 
Fragility of red cell*, 394 
Frambciu, 170 

Fret tesi (lymphogranuloma inguinale), 216, 
302 

inrmcd lest. 2F6 
I iictllanJer group, 122 
I tiedinin ten for prrgnanc>. M2 
rabbit mane* in. 881. 882. 883 
F'r«»s It st for pirjtsans>. &S4 
From* sin.fn.me. 747 
lushu* laetv.se broth (-alter andssvt). iWJ 
I UhUiimut, 722 
1 utnagatsn. 272 

! sssveltnrsal it sis. of digs s\s*>a, 651 
of Wnrs.MO 
.4 IncT. 870 
,f pars, ir as, 85ft, if, 7 
Fungi 226 

l.fonr«4 270 

2t. 7 

.f«citr.a 2'1 

finxiKi 217 
('fef 2<5 
fij, JW 

Casa, 2a 1 1*. 


Fungi — [Continued) 

Cnpiotoceui, 243 
estimation of. 230 

Endadcrrnophyton [tee Trichophyton) 
Epidermophyton, 258 
examination of, 230 
Clenaspora, 267 
liaptorporonpum, 236 
ffirtoplaima, 244 
Uortnodredrun, 271 
Imperfcctu 238 
in hair, 232 
in pus, 233 
in ikin, 232 
in sputum, 233, 738 
Indtella, 267 
Af sdurelU, 267 
Maljj/du, 248 
MiCro/porum, 251 
MowIiJ. 246 
Slonorponum. 267 
morphology of, 228 
Mucor 234 
reniedlium, 265 
Fhijfophora, 270 
rhyeomytetrt, 233 
Fiedr^J 237 
Rhinoipondium, 233 
KAizoput, 23 4 
Kutromadurtllj, 267 
Seopuljtiopnr, 265 
Sporotnthuni. 263 
Stengmatorynn, 267 
Tncfiophyton, 254 
Tnthoiporum . 237, 270 
2yrtionrmj, 242 
F utrau*. 229 
Funform hacillut, 154 
in »putum, 739 
Futijormii dim, urn, J54 
*r alt Hun, 155 
pcJymoiphHTn, V55 
rm/ohjeirntini fUuii t inert *u. 154 
Fusospirochetosis, 155 


c 

G ccJonwt. 9 
Gaf lietl i solution, 3ti5 
f'uivKy* irttiitnj 32. <3 
Gal astute tolerance ie,r. i”5 
f.a'l bladder, iliura.t ■ f. HI 
Gall Hums, Ml 
m (eset. Ml 

t,i‘tuiis)tii, t'd, 5u2 
<>a-gl*,s^(*. <65 
Garg ,i», 1 72 

laXttnct RUA.,1 <4 l<aaa.V 132 
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Gas bacillus, 63 
gangrene, 63 
Gastric cancer, 866 
anemia in, 441 
in pernicious anemia, 441 
Gastric contents, 859, 861, 862 
chemical examination of, 862 
tubercle bacilli in, 865 
Gastric ulcer, 866 
Costrodtscat ho minis, 574 
Gastroenteritis {Salmonella), 1J1 
Gastrophdus mtettmaht, 707 
Gaucher’s disease, 463 
Gelatin medium, 349 
liquefaction of, 15 
Gclatmase, 15 
General paresis, cerebrospinal fluid in, 75 3, 754 
Geohelminth, 600 
Gerhardt's test (diaceiic acid), 834 
Giardij larnhha, 531, 548 
Giardiasis, 532 

Gicmsa's blood stain, 388, 507 
Gigantic acid, 272 
Ginger paralysis, 937 
Glanders, 120 
Glandular fever, 464 
Glassware, cleaning of, 337, 387 
Glenospora, 267 
Gliotoxin, 272 

Globulin, antihemophilic, 470 
immune, 282 
in cerebrospinal fluid, 748 
in plasma, 788, 789 
precipitation test, 523 
Glomerular filtrate, 840 
Glosstna, 518, 700 
bead of, 701 
morsitant, 701 
palpalti, 700, 701 
tachynoides. 701 
Glucose, in blood, 774 

Folm-Wu method of determination, 773 
mtcromethod, 774 
in urine, 831 

rapid fermentation of, 875 
tolerance test, 776 

two-dosc test (Exton and Rose), 778 
Gl>cerm agar, 341 
Glycerol, buffered, 360 
Glyctphagus , 665 
Glycosuria, renal, 779 
significance of, 833 
Gljcuromc acid in urine, 834 
Gmelin’s test (bile), 835 
Gnathostoma tpimgerum, 607 
Gongylonema pulchrum, 674 
Gonococcal arthntis, 50 
meningitis, 50 
ophthalmia, 50 


INDEX 

Gonococcus, 48 

delajed planting of cultures of, 368 
penicillin, action on, 50 
selective media for, 343 
sulfonamides, action on, 50 
Gonorrhea, 48 
complement fixation in, 50 
diagnosis of, 49 

Goodpasture’s stain (peroxidase), 389 
Gordiacca, 559 
Goundou, 172 
Gout, blood unc acid in, 772 
Grain itch mite, 665 
Gram-negative bacilli, 101 
cocci, 48 

Gram-positive bacilli, 57, 74 
cocci, 31 
Gramacidin, 272 
Gram's stain, 15, 363 
iodine solution, 364 
Granuloc> tes, 418 
Granuloma inguinale, 149 
Graivitz granules, 417 
Grcgerson’s test (occult blood), 856 
Grocers’ itch, 665 
Ground itch, 608 
Group agglutinins, 286 
reactions, 281 
Croups, blood, 402 
Growth factors, bacterial, 10 
biotin, 902 
L. caJet factor, 901 
P factor, 900 
Guarnicn bodies, J95 
Cuillam-Rarre sjndrome, 749 
Guinea pigs, inoculation of, 83, 369 
natural infections of, 30 
Guinea worm, 621 
Gum ghatti solution, 767 


H 


Haemaphysahs humerosa , 667 
Haematopota, 699 
Haemoproieti s, 488 
Haemosporidia, 488 
Halfhmc’s cholera vaccine, 145 
plague vaccine, 119 
Haffhranhhett, 446 
Hair, examination for fungi, 232 
Hair -follicle mites, 664 
Hair worms, 559 
Haldane's test for CO, 814 
Halometcr, 391 

HaUoun, 734 
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Hanging block cultures, 232 
drop, 262 

Hi>ptotpe>ra«g>lnn part-unt, 236 
lliptcnei, 2SI 
lUifmJi, 935 
ilaierhil! feser, 147 
I la) leer. 292 
Haycm's Wood diluent, 3S5 
Hay's ttit (bile salt*). 835 
Heart failure cell*. 738 
Heat exhaustion, chlorides in, 7W1 
Hctrfeniiain't iron hematoxylin famebae), 553 
1 Idler i te it for albumin, 827 
Helminths, 556 
key to. 634 
lar*ae, key to, 6} 2 
ota, key to, 628 

presc/s atiKi) t>( specimens of, 644, 650 
UdoJoma, 721 

i Id* «J»e arid, 272 , 

Hemacytometer, 3x2, 384 
Hematocrit tul<e. Van Alien, JS6 
Wfntrobc, 386 
Hematoxylin sum 387 
Hematuria, 821 
Hcinin crystals. 812 
Hcmiptcra. 67 J, 675 
I lemlotk poisoning, *>J7 
Henvxhtomogtt* cry Halt, SI 2 
Hemoglobin, butler action of, 800 
item antes, iprciniKupu test* f-u M2, 813 
estimation of, 378 
Hcrongh.bmemia, 444 

Hcttioglobtnomcicr. I laden lUustcr. Jxl). 3b0 
idurtrxleeittt, JH 
Sahli, 377 
Said) Jidbfi* JTV 
standaidmadun erf, 381 
Talhjsist 381 

Henu^lobinophilu bacilli. 104 
Hinvigtotunuria, 444. 816 ' 
in black waier feser. 445. C'J? 
march, 446 
paroxysmal. 445 
nocturnal, 444 
paraliite, 446 
lest for, 836 
tlcmdiun. 284 
mraif'is irf. i:i 
lirm »>«x uutvlice, 451 
D/ns-ipiulu 4 'a 
firiai)ii<«r 104 
mill a, fa.dUi.asf*. 104 

e 0 »,uaro».>,i.r J 4, 

<*iui» m<daU Ml 

rfs.,1/1 , K‘7 

frno) ft, «> K<6 
(•;»<«<* |u«. 104.105 
tape* «4. 105 


HetaophtuS^iCa attnued) 

UcriDjiui, J06 
pjrMnffatmjc. )G6 
pU£pftlu/S)J, J OK 
pert mitt. J07, 108 
relationship to influenza, 105 
fun. 1 06 
Hetncrpoieitn, 436 
Hemorducte diseases, 467 
«if tire nr ol ’mu, 464 
septicemia group of bacilli, 120 
Hcmoiulcrin granules in unne sediment, 444, 
S20 

Henderson Handball!) njuation ~ ,, 9 
Henoch'* purpura, 46') 

Heparin, 467 
Hepatitis, amcbie. 530 
ciUooiK, 223 
homologous serum, 218 
infretious. 2J7 
Herpes fcbnlis, 1***4 
roster, i’>7 
Uerfetononat 512 
Herring poisoning, 723 
HeieroJera nunom i.M 
Heterophil annlWirs, 2M e'" 
antigens, 2SI 

Uere>oph)ei hneioph)t< 571 
HtFFrUtts polUpei 171 
Hippune acid cxcicti.ui test, S74 
thmdinca, 5S9 
Him Jo tntJieittalii. 55') 

Hiss’ capsule stain. 366 
Histamine, 861 
HitHucytn J94 
Ihnopljintj cepiuUium 244 
Ht*iup}junm. 2 *5 
llistnpllimoiil 24) 
pujmorurr ea'cilicaiMiit m. 2 45 
Hodgkin i iliusit, 4nt 
■sarcoma. 467 

Horn, grncous cysts, 54? 550 
Homage niiuc ics! in urtnr Ml 
Hookuotmt (02 

tuliisatwn «d liriir > f, r.4x 
f>l*nfi«m linx'l, 6} 4 
■niim if, 60} 

Hotiofiyllui anomjui l *il 
tla'fnoJrHjihtn tur»puilim 77) 
peJmtci 2*1 
flora S> ,"W 
Ilwse Us*. 70* 

Uses fill 
Hosts 475 4M 
tluuse fi», 70J 

4J& 

1 1 «tIS i liinio .4 i v;u!u s.is, 4* * 

1 tr 4 >1 

IU,-jS!l (n| Isei *14 
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Huygheman oculars, 912 
Hydatid disease, 591 
larvae, 582 

Hydrogen ion concentration, 798 
determination of, 922 
bicolor method, 926 
in stomach contents, 863 
in unne, 819, 926 
Hjdrogen sulfide, detection of, 35 1 
production of, by Brucella, 110 
Hydrophobia, 206 
Hydrops foe tabs, 452 
HymenoleptS dimtnuta, 586, 657, 674 
ovum of, 587 
nana, 5S6 
ovum of, 586 
nana-fraterna, 586 
Hymcnoptcra, 673i 675 
Hyoseyamut poisoning, 941 
Hyperacidity, gastric, 865 
Hyperbilirubinemia, 871 
Hyperglycemia, 775 
Hypcrimmumaation, 280 
Hyperinfcction, 601 
Hypcrinsuiinism, 775, 778 
Hypermotility, gastric, 865 
Hypcrsensitivencss, 292 ( see alto Cutaneous re- 
actions) 

in dermatomycoses, 256, 301 
in Eehmococcut infection, 594 
in filariasis, 626 
in man, 294 

in schistosomiasis, 570, 576 
in tnchimasu, 615 
intracutancous tests for, 295, 299 
Ophthalmic tests for, 295 
passive transfer of, 293, 296 
patch tests for, 299 
relation to immunity, 294 
scratch test for, 299 
tissue, 294 
to bactena, 300 
to drugs, 300 
to dust (house), 298 
to foods, 298 

to homologous protein, 293 
to Mayflies, 675 

to nervous system (central) tissue, 293 
to pollen, 297 
to serum, 295, 296 
to spores of fungi, 298 
to tuberculin, 83, 300 
Hypersplenism, 466 

Hyperthyroidism, basal metabolism in, 880 
cholesterol (blood) m, 791 
glucose tolerance test in, 778 
Hyperventilation, 804 
Hyphac, 228, 228 

Hyphomycctcs (tee Fungi Imperfccti), 238 


INDEX 

Hypoderma Uneatum, 708 
Hypoglycemia, 775 

Hypothyroidism [tee Myxedema), 880 
I 

Ichthyotoxismus, 722 
Icterus, gravis neonatorum, 452 
hemolytic, 45J 
index, 872 
spherocytic, 451 
Idiosyncrasy, 292 
Illumination, 913 
darkheld, 914 

Immediate reaction (re vaccination), 197 
Immersion objectives, 912 
Immune bodies, 281 
scrum, antibacterial, 283 
antitoxic, 283 
in diagnosis, 286 
preparation of, 282 
treatment with (see also Antitoxin) 
m anthrax, 61 
in botulism, 73 
in Clostridium infections, 67 
in diphtheria, 96 
in dysentery (bacillary), 137 
m Hemophilus infections, 106 
in Leptospira infections, 160 
in meningococcus infections, 55 
in plague, 120 

in pneumococcus infections, 44 
in poliomyelitis, 205 
in scarlet fever, 36 
in tetanus, 70, 71 
in tularemia, 116 
in virus infections, 195 
Immunity, 279 
active, 279 
in anthrax, 59 
in botulism, 73 ' 
in cholera, 1 45 
in diphtheria, 96 
in influenza, 210 
in Leptospira infections, 159 
in malaria, 496 
in plague, 119 
in poliomyelitis, 205 
in relapsing fever, 153 
in Rift-Valley fever, 223 
in scarlet fever, 36 
in smallpox, 195, 197 
in Staphylococcus infections, 47 
in syphilis, 163, 168 
in tetanus, 70 

in Treponema infections, 163 
in tuberculosis, 84 
in tularemia, 115 
in virus tnfcctions, 192 
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1 cnmunit) -—(Ccmir.ued) 
in )c5!o>v fever. 220 
natural, 2i0 
juswe, 280 
}mv»c reaction, 135 
Inactivation of it rum, 254 
fixtuuoa bodie*, IW 
ia her pet febriliv, J'*S 
zoster, 197 

so t}znpti«£Mnui<rftu inguinale, 211 
m puttacoui, 214 
in tabic*, 207 
id Rilt'Vilte) fe*er, 22 i 
in towlljxi*, 195 
id varicella, 197 
invcllow (ever, 219 
Index, Arncth'i, 420 
color, 410 
malarial, 492 
of rctKuncc, 420 
uturatinn, 416 
volume, 416 

(m(u wit method (irrponrmau), 1 70 
liuliean in unfit, 836 
Indicator*. 339. 923 
InJitlU, 21.2 

lnJoJ. produciion of, 16, I3S 
««.. (»r. 352 

(nice non. factor* dturtmlwig, II 
of war wound*. 62 

InfOkiKHiv inoiMinudcoui. 98, 464 
Infriuiinn, 475 
Influrnti, 105, 209 
ban'liiv 104 
in nvioc.106. 211 
'luiruiwn 21 1 
Inluoira, ' U 
Intiiluior) age nu. 16 
(ninu!iti<itt. «( animal*, 20, 22 
o( media. 1 2 
iRdtitol. VW 
Itiieeta, 6*1 

onlotof 673 
lmpmai“it, 145 
Itmi'w (umthiRi'iI, 775 
Inlififfctur (*I v*»u»r» 193 
littcmnluir <”5 

tr.ieturul in, Wu.nl tlUtin w, TtO 

Nl'S >n. *"0 

lnin.uiiV"U> trvtv 2*7, Jfl (ire disCuUix- 

M.V rrJ.«K-fU) 

)hi»»we (ail a. 415 

IrCin I iriuur >*1 

5 26 , 546, 547 

t-'.M 54* 

Iron agar \’f‘ 

Aj.aiu-ma *n 

l/csvil ii *» ia,»( twie a ItrirO, 44J 


Iron — (Cotihnurd) 
hemaio*)Iw vum (protozoa), 55* 
tn Mood (Wang), 3S2 
InJcrj. 570 

Itoaggl uunini, human, 402 
icvhc ounce of, 404 
preparation of nock, tcra, 407 
hot pore homtnu, 334 
Itch mite, 664 
feeder, palpi of, 6C9 
pmulistur 201, 667 
Ixoduiac, 654, 666, 66 7 
Ley to, 663 


J 


lalcKb anemia, 454 
Jantn green (iUi/>), 39* 

Japanxvc liver (ever, 177 
Jaundice, 871 
catarrhal, 217 
chronic (amilul, 451 
hecnul)t>c, acquired. 452 
familial, 451 
homologou* ict-um, 218 
mfeciioui, 158, 217 
obstructive. choleitcml in, 791 
phmpharate in, 7*5 
p(»Har»phcfunune, 218 
van dtn ttergh reaction ui, 87 2 
/cllilith pottoeung, 726 
JcngVol pduamng, 937 

Jigj.ee, 6S0 

(,i|inc'« dttcaie, 77 
JmvLuV te»i (beriberi), SS9 
Jugcnjformcn (lcuLo.)ic>), 427 
Jur.„le lelfow fetcr, 221 


Kalin traction, 306, 3I«, *19, 320 
antigen, 307 
presumptive test, J16 
■juaniitjiivr tot. 1(3 
* picul fluid pc (a eJuie, 31 4 
vtandard tret, J07 
K*l« owe, 5(5 
form,-! fcfl !e«t *fl. 523 
glaima sMhi'iv in. 787 
Karajana I uud) 5*d 
Kaiaiama » tr*t foi CO. M4 
K*»a.917 

Kadi.%- » Irtf Oa.tK ue*J> M I 
kriiirt 464 

ketttiv. run,niitu ns. tv* 
>»«(► n. 2« 

Kecra.irrv>, 4*7 

da*, »15 
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Ketone bodies in urine, 805, 884 
Ketosis, 804 

Key, to animal parasites of man, 481 
to branching bacilli, 74 
to cestodes, 636 
to cocci, 31 
to cockroaches, 672 
to corynebactena, 74 
to dermatophytes, 250 
to Gram-negative bacilli, 101 
to helminths, adult, 634 
larval, 632 

to malaria parasites, 503 
to mosquito larvae, 697 
to mosquitoes, 696 
to mycobacteria, 74 
to nematodes, 637 
to ova of helminths, 628 
to snakes, 715 
to spore-bearing bacilli, 57 
to ticks: Argasidae, 670 
Ixodidae, 668 
to trematodcs, 636 

Kidney, ammonia formation by, 802 
diseases, table of, 830 
function, tests of, 840 
tubular absorptive mass, 841 
excretory mass, 841 
worm, 645 

Kirchner's medium (tubercle bacilli), 349 
Klebsiella pneumoniae, 1 22 
Kliglcr’s iron agar (enteric bacilli), 356 
Knott's concentration method, 646 
Koch-Wecks bacillus, 106 
Koilonychia, 433 
Kolmcr reaction (syphilis), 317 
Krumwiede’s triple sugar medium, 357 
Kundrat’s lymphosarcoma, 462 


L 

Lactic acid (gastric), 863 
Lactobacillus, 75, 98 
acidophilus, 99 
arabi nosits, 100 
bifid us, 99 
boas-opplen, 99, 862 
bulgartcus, 99 
easel, 100 
factor, 439, 901 
fermentt, 100 
Ijctophcnol, 233 1 

Lactose in urine, 834 
ljtmbha ( see Gtfrdia lamb/ia), 548 
Lane's DCF, concentration method (ova), 643 
Lange’s colloidal gold test, 750 
Large mononuclears, 422 
Larva migrans, 603, 707 


Larvae, flv, 707 
mosquito, 692, 694, 697 
mounting, 710 
Lathy rism, 938 
Latrodectus mactans, 660 
Lead, tn urine, 837 
poisoning, 448 
cerebrospinal fluid in, 754 
Lead acetate medium, 351 
Ledtrer’s anemia, 448 
Leeches, 559 

Lei shm an -Donovan bodies, 244, 516 
Leishmama, 244, 512, 684 
brasihensis, 513, 698 
culture media for, 523 
donovani, 512, 515 
infantum, 513 
life cycle of, 514, 515 
serologic tests for, 523 
tropica, 513, 516 
Leishmaniasis, 515 
geographical distribution of, 514 
vectors of, 514 
Lcpidoptcra, 673, 674 
Lepra reaction, 87 
Lepromin, 86, 87 
Leprosy, 85 

clinical features of, 86 
diagnosis of, 87 
in rats, 88 

staining methods, 365 
treatment of, 88 
Wassermann reaction in, 88 
Leptomonas, 512 
Leptopsylla, combs of, 681 
Leptospua, 157 
agglutination test for, 287 
outumnahs, 160 
camcola, 158 
cultivation of, 159 
hebdomadts, 160 
icterohaemorrhagiae, 157, 159 

Lethargic encephalitis, 198 

Lcucin in urine, 824 

Leukemia, 456 
acute, 458, 459, 459, 460 
aleukemic, 460 
chronic lymphatic, 457, 457 
myelogenous, 456, 456 
eosinophilic, 461 

leukopenic, 460, (Plate HI) facing 458 
mast cell, 461 
megakar) ocy tic, 461 

mixed, 460 . 

monocytic, 460, (Plate IV) facing 460, («*« 
V) facing 462 
plasma cell, 461 

Leukocytes, 418, (Plate II) facing 420 
differential count of, 390, 425 
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] jruktx> ConnnueJ) 

immature, 1 19, 42! 
to urine, 820 
iwraul wum of, 4 1 8 

ongtn of, 423 
pathologic, 422 
tone injury to, 422 
Leukocytosis, 425, 427 
significance of, 426, 428 
Leukopenia, 42 9 
IculnuKonu, 462 
Ivc»miiiat » medium, 344 
Lt»> 1 turner counting chamber, 382, 384 
I in. 6$ (,628 
ilnttiKuun of, 679 
■tunic iiinimitin! b>. 678 
! iti cycle, of animal luoutct, 477, 478 
of icModci, intestinal. 582. 583 
voRuttc, 589. 590 
•4 Endamoehj Autoiyiun, 527. 328 
• A /j-nAmjniJ Jonaiaat 514,515 
>,{ uuliru. 489. 490 
of nematodes, lOlotirui, 598, 399 
M.manc, 6l6 
of iitnuiulct. 563, 564 
of TneiinflU iwlu 612, 614 
of Tnr*»oji>mj mill 521 
Zi«th«ntt 518 
ijmnilit txdolui, 549 

Line ten (SicOAIum ShipJcy }, 895 

Lingoa/rda trrrjU 733 
Lipase cturrution, 869 
h pony nut ixJtOfl. 665 
I a<(ut (actum of gelatin. 15 
Uiltnj mono<yl 0 {tr«i, VS 
User, ibwfu. anubw, 530 
at otc nttnmi <>(. cholesterol esters to, 791 
fib/im gen i />. 876 
plasma plot fin srt, 789 
uiri nitrogen in, 876 
anuaiurmc principle of, 435 
flukes, 57 » 

function, itm of, S7<1 
Liunli, 721 
t*M (a*. 62 1, 6*1 

LocaliMtton, NiftWti of itejioacmji, 163 
laxkc s tyj-unim medium, 455 
UtfSet s Mend seru.n, 345 
methylene blue. 363 


ImimiJ , jjmr 7 tit 


OjifKif 317 


70f 

tux! in. It,# 

U*.4t ». Wn. 551 
Lumbar 7 <5 

£*k<s. 374 


Lui z-Sp’endore-Dc Almeida's disease, 242 
Lymphangitis epizootic*, 243 
Lymphatic leukemia, 457, -457 
Lymphoblastoma. 461 
follicular, 462 
Lymphoblasts, 421 
Lymphocyte*, 393, 421 
Lymphocytic < buna meningitis, *02, 754 
Lymphocy tons, 429 
acute infectious. 465 
Lymphogranuloma inguuulc, 215, 3U2 
Lymphosarcoma, 462 
Lyons blood tube, 9|H 

M 

M and S agglutinogens. 412 

Ma*Conkr> i medium (enteric bacilli}. 354 

Mjtrjmnthvrhyni hut hitttdiruu rut 559, f,74 

Macroblaits, 417 

Macroconutia, 229. 255 

Ua*iucyies» 416 

Macrogiinete, 492 

Maetopfuget, 422 

Madura foot. 90. 2M>, 26 8. 269 

\tjJurcllj tvytrlam, 267 

Maduromycosis. 266. 268, 269 
Magnifying power. 912 
Malabar itch, 261 
Malaria, 4S4 
lilackssatcr feser in, 456 
cluneal manifestations of, 493 
temperature charts, 494 
diagnosis of, 497 
drugs, action of. 493. 49'i 
geographic distribution of, 496 
immunity from. 496 
so monkrys, 489 
Uidca, 492 

cooKjuilo sectors of, 693 
(virantr*. 498 

concentration «4, 505 
nilutaiioA of 305 
denuty of, 56H 

in thick (ilmt. (Plate \tli fa»mg 49S 
in thin iibnt. (Wale 5|> facing 4»S 
key to. 5UJ 

life ode of. 489. 4yU 
4.3 

fir sr in* .n of, 492 
|«uc,*ai]sr mratwrs, *>t 
eclipse* in. 4 #7 
W+iji/tljj furfur, 244 
'43 

Mi’igftaftl due a se, eiodatrs in, 760 
J buna g'obsAn an, 7»7 
exult. pcuu, 4(,3 
Jsiowt, oi 
«. 121 
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Malleomycet mallei, 120 
pseudomallei, 121 
Malta fever (see Brucellosis), 108 
ManchinccI poisoning, 938 
Mandioca poisoning, 930 
Mandlcr filters, 917 
Mange, 663 

Mangoes poisoning, 936 
Mantonella ozzards, 621, 687 
Mansonu, 223, 61 9 
Mantoux tuberculin test, 83 
Marble bone disease, 333 
Marihuana, 935 
Marmitc, 336 

Marrow, bone, aspiration of, 399 
differential count (normal) of, 300 
Mast cell, 319 
leukemia, 361 
Mastic test, 753 
Mastigophora, 385, 511, 530 
Maturation, arrest of, 338, 342 
Maurer's spots, 502 
Ma> flics, 675 

McIntosh atul Fildcs’ anaerobic method, 919 

McKinnon’s test (smallpox), 195 

Measles, 212 

Meat poisoning, 131 

Media (tee Culture media), 338 

Medina worm, 621 

Medusa, 726 

Megakaryocy tes, 330, 369 
Mcgakaryocytic leukemia, 361 
Megaloblast, 317 
Megjlopyge operculans, 675 
Mclaena neonatorum (tee Hemorrhagic disease 
of the ncuborn), 368 
Melioidosis, 121 
Meningitis, aseptic, acute, 202 
epidemic cerebrospinal, 50 
cerebrospinal fluid in, 753 
diagnosis of, 52 
influenzal, 105 
!jmphoC)tic chono-, 202 
tuberculous, cerebrospinal fluid in, 753, 755 
Menmgococecm ia, 50 
Meningococcus, 50, 51 
agglutination tests for, 53 
capsule swelling, test for, 53 
earners of, 53 
classification of, 52 
m nasophar>nx, 54, 733 
penicillin, action on, 53 
scrum, immune, action on, 55 
sulfonamides, action on, 54 
Mcningopncumomtis virus, 213 
Mercury in urine, 836 
Metabolism, basal, 877 
Mctacereana, 562, 563 
Metagommtit yaKogawat, 573, 725 


Metamyelocytes, 319 
Mcthemalbumin, 333 
Mcthemoglobin, 339, 813 
Methyl red test, 138, 350 
medium for, 350 
Methylene blue, 363 
Mett’s test (pepsin), 863 
Mice, natural infections of, 21 
Micrococcus, 31, 35 
caurr halts, 55 
at reus, 35 
pharyngit siccus, 56 
Pyogenes, var. alius, 45 
var. aureus, 45 
tetragenus, 45 
Microcytes, 416 
Microfilaria, 624, 625, 634 
examination of blood for, 646 
periodicity of, 620, 624 
staining of, 647 
table of, 625 
Microgamctocy tes, 492 
Micrometer, ocular, 915 
standardization of, 916 
Microscope, 911, 912 
Mierosporosis, 251 
Microsporum auJotuni, 251, 252 
cams, 251, 253 
fe/inum, 251 
gyptenm, 252, 253 
minuiitsimum, 248 
s cola cents. 251 
Mtcrurotdet euryxanthus, 714 
Mtcrurut full tut, 714, 715, 718 
Midges, 687 
Micschcr's tubes, 534 
Mdh, media, 347 
Brucella in, III 
diet, anemia due to, 432 
sickness, 938 
tubercle bacilli in, SO 
Millipedes, 657 
Minas Gcracs fes ct, 177 
Minimal lethal dose, 92 
Miracidium, 562, 562 
Mires, 654, 659, 662 
mouth parts of, 66l 
preservation of, 711 
Moccasin venom test, 470 
Molds (see Fungi), 226 
MollusL hosts, 565, 650 
in schistosomiasis, 570 
of S /opomeum, 570 
Mondia albtcans, 246, 246 
Moniliases, 246 

Moniliformis moniliformis, 559, 674 
Monkeys, natural infections of, 30 
Monoblasts, 422 
Monocytes, 393, 422 
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Monocytic leukemia, 460 
Munocytoma, -162 
Monocytosis, -121 
\tonoiponum aytotpernturn, 267 
Mnras'AxcnCcUi bacillus, 106 
Moral rib hcutiatui, 106 
Morncr't reagent, 821 
Mosaic disease of tobacco 'irur, 191 
Mosaic structures, 231 
Muviuituo, 654, 687 
MckxI in, identification of, 712 
classification of. 687 
control of, 692. 693. 691. 695 
dctclopmcnt of, 689 
ilme c non of, 509, 510 
lartac of. 697, 710 
malam [urjutn in, 491 
(»\m tn. 492. 510 
os a of, 7(0 
jirrsttMtson of, 709 
ternutulij of, 709. 710 
transmitters of nialatu, 693 
tribal cluracteri, 6S9 
Moth midget, 687 
Mot dil), 14 
(Iron man, 15 
Mountain tic Inc it. 455 
Mounting. ailhrt>|MH|t, 710 
parasites, media f„r, 710 
Much's granules, *9 

Mu, in, bacterial suspension in, 51, 105, 12S 
tn unne, 827 
Motor 234 
.unm/i/er, 234 
mot r Jo 234 
Mucous •.<, lit it, 850 
Mucus id Urinr, 822 

Mueller » siarch-cawin hydrolysate medium 
(Vtiwn 41 344 
Multiple myeloma, 962 
sclerosis, hyprrtcniiliicneis in, 294 
Crrebroipirul fluid in. 754 
Mumj't Jill, 212 
Muir side tett (uric acid). 839 
Molt 4 Jomr.ru 4 702. 703, 70S 
iirfam 705 
Muwann, 91# 

Mu'hr<»(Ti fnt totting, 93? 

Muiuti. fcicomrg by. 725 
Mu. uid od |>ni'i(iirj, 9$i 
Mutati ft, i f UrnofKJoi tmf.ucni-tt. 277 
>1 i! iltunrj tout. 210 
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Mj tobjcicruan — -{Conti trucj) 

Lett cola, 76, 78 
Urrje, 85 
leprac-munum, SS 
nonpathugentc species, 76, 77 
f/5 hi. 77 

tubcrcuiom. tar bom. 80 

\ar. homintt. 78, (Plate l) facing 90 
culture of, 79 
media fur, 347 
staining of, 365 
M) coses, 227 
Myeloblasts, 394, 419 
Myelocytes, 393, 419 
M>cloc)tosm 429 
Myelogenous leukemia, 456 
M>cl<ima, 462 
ceff, 463 

plasma protein in, 789 
Myelosclerosis, 444 
M>utet, 7U2. 704, 707 
aural, 736 
natal, 735 
ocular, 732 
Myoglobinuria. 446 
Myxedema, anemia in, 441 
basal mcialxdiwn in. SiO 
Wo*aJ ciioleitcrol in. "91 

N 

Najjana, 517 
Natal mfcctiont. 735 
ScttJor amrntjoui 601, <<f)2 
Necropiy, cultural nictbo.it. 30 
Negri bodies, 2<J7 
StUirtu 32. 48 
lalarrhalu. 55 
fl-ra, 55 
fiat run, 55 

gononhorae 48, (Hate 1) facing V0 
i atrj,rlhJjni, 50 
mtrungttiJir, 50 
fnfla, 4 . 55 
»«<■». 56 
rutfiau 55 
XfieaiitlmiKtAn. 5'/S 
iYrm,/wna, t'l 
anttr.tvd characters of. 6S5 
Ncmal .let, 375. 596 
ciuiiiul 5»".6J8 

Vex I 6|7 
lartae «J, 6)2 

b’a.d .n, 598, (WsV) <11. 633 
Vrt to. M2 

4m. J97, taXt, (tiliti (l 1.6}. 
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Nematodes, intestinal — ( Continued ) 
life cycle of, 598, 599 
ova of, (table) 610, 631 
somatic, 615, 639 
key to, 640 
life cycle of, 616 
Nematomorpha, 559 
Nephritis, acidosis in, 805 
anemia in, -142 
chlorides in, 781 
cholesterol in, 791 
creatinine in, 771 
glomerular, 37 
nonprotein nitrogen in, 770 
phosphorus m, 784 
plasma proteins in, 789 
uric acid in, 772 
Nephrosis, 831 
chlorides in, 789 
cholesterol in, 791 
plasma proteins in, 789 « 

Nessler's solution, 766 
Ncubaucr ruling, 382, 384, 385 
hleurotropic viruses, 194 
Neutral red (supravital stain), 393 
Neutralization tests (tee Antibodies, neutraliz- 
ing) 

Neutropenia, malignant, 465 
primary splenic, 466 
Neutrophilic leukocytes, 393, 418 
Neutrophils, "pernicious anemia,” 437 
Niacin, 89) 

Nicotinic acid, 891 
Nicinann-Pick’s disease, 463 
NIH anal swab, 644, 645 
Nitrate peptone water, 352 
Nitrogen, determination (nonprotem), 766 
metabolism after trauma, 904 
total in urine, 837 
Nitroso-indol reaction, 142 
Nocard ta, 74, 89 
asteroidct, 90 
gypsoides. 90 
madurae, 90 

Nomenclature, botanic, 3 
law of priority in, 480 
zoologic, 480 
Nonne’s syndrome, 749 
Nonprotcin nitrogen, blood, 766 
Buell-Gentzkow method of determination, 
767 

Fohn-Wu method, 766 
significance of, 769 
Noon’s unit (pollen), 297 
Normal solutions, 921 
Normoblasts, 417 
Nose, infections of, 735 
Nosopsyllus, combs of, 681 
fasaatus, 680 


Novy jar, 919 
Nuclear particles, 418 
Nuclcoalbumin in urine, 827 
Nucleus, of bacteria, 9 
of protozoa, 484 
Numerical aperture, 911 
Nutritional edema, 906 

O 

Obermeyer’s reagent (indican), 836 
Objectives, 911, 912 
Occult blood, 836, 856 
Ochrogaster contraria, 674 
Ocular infections, 731 
animal parasites in, 732 
Oculars, 912 
Oidiomycin, 301 
Otd turn albicans. 247 
Oil immersion, 912 
Onchocerca volvulus, 621 
Onchocerciasis, 623 
Oncomelama (snail), 570 
Onychomycosis, 262 
Oocysts, 492, 510 
Oospores, 229 
Optsthorchis f el wens, 572 
viverrini, 572 
Opium poisoning, 940 
Opsonic index, 290 
Opsonins, 290 

Opsonocytophagic test (brucella), 113, 290 
Oriental sore, 516 
Origin of blood cells, 422 
Ormthodoros hermsi, 154, 670 
moubata, 153, 669 
talaie, 670 
tholozam, 670 
tuncaia, 670 
Ornithosis, 214 
Oroya fever, 187 
Orthoptera, 672 
Orthorrhapha, 683 
Orthostatic albuminuria, 829 
Orthotohdinc test (blood), 836 
Osteomalacia, 893 
calcium and phosphorus in, 784 
phosphatase in, 785 
Osteoporosis, 893 
Otitis, 736 
externa, 266 
Ova, in feces, 640 

concentration methods, 641, 853 
enumeration of, 643 
of cestodes, 588, 630 
of nematodes, 610, 631 
of trematodcs, 577, 629 
Oxalate tubes, 377 
Oxidase reaction, 49 
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Oxygen, combining capacity (blood), 809 
content (blood), 8)2 
requirement*, bacterial. 10, 16 
laturation (blood), S12 
Icnnon, partial, 920 
0>itcr», 725 

P 

Paget'* ilitca**, phoipHau* in. 785 
Paludnnc, 49J 
Panigglutination. 41) 

Pancreatic dueaie. duttase in blood. 797 
fat* in (ten, 858 

ferment*, in duodenal content*. 867 
in free*. 855 

tumor*, hypogltccmij Mtth, 775 
Pamly'i globulin mi. 74S 

PjngortiJ, 699 

Panhematopema. primary ijfeiiK. 466 
Panupttc ttam (blood tilmi) 3V> 
Fiiniimngytvi gemtuhtui, 677, 678 
mrgntut. 677 
Pantothenic acid. VW 
I'appatact fener, 224. 684 
Pappcnlicim 1 * tram (tubercle bacilli), 365 
Paraiholera iibriot, 1 45 
ParacocciJioidal granub.ru, 242 
Paracolon bacilli. 159 
ftuufcflnjmtff k_cUuoiti. 574 
Htuttmun, 574, 656 
o»um of, 575 

Parautet, animal, table of, 476 
Parauridae, 665 
Parauiiim. 475 

Parathyroid hi pet tee return ol, 7hJ, 785 
h)|Mi*ccicli>in of, 785 
Paratyphoid fc*er, 151 
Parentage, blood te»t« for, 411 
Paroitrii. epidemic, 201, 212 
Partial oxygen tcnnod, 10. O 
Pa«<hcn lu*iie*, 195 
J U>trw UtMmtM I ub>e t), 2uS 
Fiurtutllt 101, 115 
dlitti* 1J0 
drutfiud, 120 

t—ttufxtf*. SO. !2J 
ItfUitfttn. 120 
mt-lttmJd, 12!) 

nututjd. 2) 

Tit i,i. IIC. 117 
rir»Jel*hrit-iau<. Jit 120 

ruuVa. 120 

tUddfui III. 114, *.<•< 

(o'lu'e nfila lot. 3i6 

Pa.Murr l 12) 

Patch triit, 2r» 


PauMlunncll agglutination ten, 464 
Paul** ten (smallpox), 195 
Pectinate bodice, 223 
rcJuuIoiJei trntricoiui, C65 
FeJtculut An manor. lar cjfnu. C79 
tit curponi 678, 678 
Pd Ebstein frier, 462 
Pellagra. 891 
PenuiHtc arid, 271 
Penicillin. 275 
a*ui of. 276. 570 
agar-cup method, 276. 370 
micromcthud, 571 
serial dilution method, 371 

in tdood using S Tyogeitn 372 
in anthrax, 61 
in gonococci;* infection*. 50 
in mcningm ocaut infection*, 54 
in pnrumocnccu* infection*. 44 
in Surhylocotcui infection*. 47 
in Stuptotocau infection*, 35 
in SirepiobJtillut nonihlorniii infection, 14S 
icuitance to, acquired. 276 
»cn*iu*cnett to, determination of. 572 
ripe* of. 275 
Penicillinate, 340. 373 
Frnuilhum 265. 266 
thryiogrnum. 274 
iruiiJcrum, 265 
nolitum 271 
Pento*uru. 834 
Pepun, tot* for. 864 

Peptone-dextrine uJution (culiform fuculi), 
350 

Peptone wairr. 352 
Pentoniti*. exudate in. TOO 
Ptrlcihc. 245 
Permutit, <6* 

I'tisitiuui anemu. 436 
neutrophil*. 457 
Peroiulate ttain*. 3*/ 

Pertuirt*. 107 

ViVJituiu* rnnljwi) liuahi), J5S 

Ptin plate*. 12 
If oiler • bacillus, 104 
phenomenon, HI, 2' 4 

in ErpturrifJ infer, lion. lt-0 
pH Tti 

Phagneytou*, 2'fl) 

Pharynx, irirrivau <4. 75 J 
If*lu4 rrj broth. JtJ 
i'bcft>4*u'fonphihslcin tr*t *4t 
Ifienilhidrajinc tr»l (m,-ni 83) 
rktdltfkvrd irruuu 27l> 

N.Vfo/»«>i lit. (vi 5 
*/(r*i<rri 

t kimrtiit (M 

for*. 224 
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Phlebolomus — {Continued) 
major, 684 
noguchu, 187, 684 
papatasn, 224, 684 
sergentt, 684 
verrucarum, 387, 684 
Phormia rcgtna, 704 
Phosphatase, acid, 785 
alkaline, 784 
Phosphatid, 463 

Phosphorus, inorganic, in blood, 783 
Fjike-Suhbarow method of determination, 
782 

Photoelectric colorimeter, 928 
Pht hints pubis, 6J9 
PAycomycetes, 233 
Physalopten caucastca, 607 
Ph> ijologic normals, 931 
Physopsis, 570 
Phytomotias, 512 
Piedra, 237 
Pied rata ho riat, 237 
Pigments, bile, in feces, 855 
in unne, 835 
Pints, 172 

clinical manifestations of, 173 
epidemiology of, 174 
relation to syphilis, 174 
Pinworm, 607 
Piophiha cases, 707 
Pi pet, bacteriologic, 918 
capillary bulb, 918 
diluting, for cell counts, 383 
Pirquct's tuberculin test, 84 
Pityriasis versicolor, 248 
Plague, 116 

clinical manifestations of, 118 
diagnosis of, lid 
fleas as vectors of, 1 18, 680 
in rats, 118 

prophylactic vaccination, 119 
transmission of, 118 
Planorbts (snail), 570 
Plants, poisoning by, 933 
Plasma, cells, 421 
C0 2| 799, 808 
proteins, 787 

in disease of the liver, 876 
Plasma-cell leukemia, 461 
Plasmodium, 488 
falciparum, 500, 501 
in monkeys, 489 
key to, 503 
kpowlta, 502 
malarife, 501 
ovale. 500, 502 
Vivas, 500, 500, 510, 511 
Platelets, blood, 430 
counting, 386 


Plates, poured, 1 3 
streaked, 12, 13 
PJatyhelminthes, 558 
Pleocytosis in cerebrospinal fluid, 748 
Pleomorphism, of bacteria, 8 
of fungi, 226 
Plcrocercoid larva, 581 
Pleural fluids, 755 
Pleuropneumonia organisms, 148 
Plummer -Vinson syndrome, 433 
Pneumococcus, 39, 40 

bile solubility test for, 34, 369 
infections due to, 39 
isolation of, 42 

Ncufeld’s Quell ung reaction, 43 
specific polysaccharides of, 41 
types of, 40 
determination of, 43 
incidence of, 41 
vaccines, prophylactic, 45 
variation of, 42 
Pneumonia, acute lobar, 39 
blood cultures in, 42 
chlorides in, 780 
nonprotcin nitrogen tn, 770 
penicillin, treatment with, 44 
sputum cultures in, 42 
sulfonamides, treatment with, 44 
primary atypical, 212 
Pneumonitis, feline, virus of, 213 
mouse, virus of, 213 
Poilalocy tes, 4 16 
Poison ivy, 936 

Poisoning, acute, anemia in, 445 
chronic, anemia in, 442 
lead, anemia in, 448 
Poisonous arthropods, 658, 660, 67S 
coclentcrates, 726 
fish, 722, 723 
plants, 933 
snakes, 714 
Polar bodies, 91 
Poliomyelitis, 203 
cerebrospinal fluid in, 205, 754 
vaccination against, 205 
Pollen extracts, 297 
Pol > chroma top hi lia, 417 
Polycythemia, 454 

Polymorphonuclear neutrophils, 393, 418 
Polyneuritis, infectious, 749 
Polyp, 726 

Polysaccharides, specific, 41 
Pork tapeworm, 585, 591 
Portal of entry, 1 1 

Potemon, 656 . 

Potassium permanganate, standard solution o , 

782 

Prausmtz-Kustner passive transfer, 296 
Precipitation reactions in syphilis, 305 
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Precipitin*, 2B3 
for anthrax, 61 
for bacteria, 2S8 
(or blood (protan), 2S9 
(or helminths, 649, 6(0 
(or iltmopAdus tn/tutn:je 105, 2 iS 
for pneumococci, 44 
(or Ku(atiu. 184 
fur streptococci. 34, 289 
I‘r cjjruncj, 1IKR1U in, 441 
tests (or, 8S1 

Price Jones curve. 350, J91 
Prua„),luunoid zone, 2S7 
Procercoid In* a, 530 
Promtne. 83 
Prom i/ ole, 85, 88 
Prom>eloc)te, 419 

ProiUtic carcinoma, phosphatase in, 787 
ice ret ion. 821 
Protection tali, 2'»2 
Protein, bud), dcttructi >n of, 769 
shock, 305 

Proiani, in cerebrospinal fluid. 749 
in plasma. 787 

in transudates and exudates, 758 
in urine, 821. 

qiuntiiausc estimation o{, 827. (table) 825 
precipitation of, 7ol 

Proteose peptone chocolate a^ar (^idimmui), 
343 

Proteoses in urine, 823 
Itoieu i mor^jr.i, 14) 
i HO 

strains ON. ami 0\,», 140, 1S1 

o\k, HI 

satiation of. I 40 

Prothrombin, dituuiW) . 467. 896 
in diseases of the liser, 87fc 
tune. Quids s method of determination, 401 
Smith s lieslisde mtllxaJ, 402 
Prutozoa, 483, 481 
classification of, 4*i5 
table, 4*6 

Culture media <»r, 521. 555 
in (tecs, 524 
lUimns of. 522. 55} 

Pr„t i/ual diwaies. t„W 4*1 
Pi o/i tkr , hctsofKiv n 2*“ 

Pseud 4«*m ,*’.slia, IdcOinri, 470 
Tieud -’euKct’iia. 4< l 
/’iis.'iniiui aertijip^cj, 14 J 
Ps.iia.oiss, 2H 
/•«e. r j.rv 7.C 
P«*l I ‘4 

Plr l li.'uts .*« ».ij. 41/ 

rr,..rfe.r«> ♦'« 

P*.c i..ir ,.,si,-,.HI 



PunScd protein derisative (tuberculin), 64 
Purpura, anaph) lac to id, 469 
due to vascular abnormalities, 469, 471 
haemorrhapea, 46S 
Henoch's, 469 
Schonlcin's, 469 
thrombocj topenic, 465 
Pus, cultures from, 741 
(imp in, 233 
in urine. 820 
Pjclms. 84 S 
P)lorsc obstruction. S65 
blood chlorides in, 750 
nonprotcin nitrogen in. 770 
plasma bicarbonate in. S04 
P)oc)aiuse, 271 
P)itaJoxin. 899 
Pjuna. 820. S4S 

Q 

Q fever. 178 

Quartan malaria. 494. 501 
Qucekenstedt s ten. 746 
Quellung reaction, 43 

R 

Rabbits, natural infections of. 30 
Rabies. 206 
Pasteur treatment. 2<*3 
RaJcssRe, 166 

Radiation, anrmia due to. 442 
Rand scurs), >9t) 

Rai bite lrscr, 147, 160 
Rat boils 6V0 

mur. tropical, 665 

poisons. 6S2 

Ratifies. 6SI 

Rats, natural infections of. 30 
plague in. 1 1 )* 

Rattlesnake. 718 

kJUm Konrtuht 

Rav. electric. 724 

fungus (//e .f,r.Bon«i«e.). b‘J 
ilin^in. 72i, “24 
Reaction of media. 13' 

Reactnaivn oi kIu-ts 2S4 
Realms. 7 <“ 

Ircrfii./i. 2»4 

Rrd bU-d c.r. , -urtm* ui. JSi 

e’l.ruai 41/ 
lra.s.t, { J" 
immature l*,>es .-I. 417 
udcti, 416 

K.n/|ucJar l/n k .Ui, 413 
»< !. J lea, ,<wr*H a 413 
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Red blood cells — ( Commut'd') 
morphology, -116 
normal values of, 415 
nucleated, 417 
origin of, 423 
removal of, 424 
reticulocytes, 392,417 
sedimentation rate of, 395 
stippled, 417 
volump of, 386 
Red bugs, 662 
Redia, 562, 563 
Reduvudae, 676 
head and proboscis of, 676 
Reed’s formula, 881 

Rees and Eck-cr solution (platelets), 386 
Regenerative shift (leukocytes), 427 
Relapsing fever, 151 
Renal albuminuria, 829 
disease, types of (table), 830 
function, tests of, 84 0 
Reproduction, of bacteria, 9 
of protozoa, 485 
Reservoir hosts, 479 
in epidemic encephalitis, 200 
Respiratory quotient, 877 
Reticulocytes, 417 
crises, 434, 438 
in lead poisoning, 448 
staining of, 392 

Rcticulo-endothelial system, 422 
Reticulum cells,* 422 
cell sarcoma, 462 
Retoriomonas homimt, 532 
Retractility of clot, 401 
Rcvaccination, types of reaction to, 196 
fth factor, 408 

blocking antibodies, 410 
groups, 409 

in erythroblastosis foetahs, 452 
inheritance of, 409 
test for, slide, 410 
tube, 409 

Rhabditiform larva, 597 
of Strongyloides stercorahs, 600 
table of, 62 1 
RAabditu, 610 
Rheumatic fever, acute, 57 
Rhinitis, allergic, 297, 298 
Rhmosporidiosis, 238 
Rhinospondtum see ben, 238, 239 
Rbtpicephalus sanguineus, 177 
palpi of, 669 

Rhizoglyphtis paiasitictis, 665 
Rhizopcts, 234 
niger, 234 
paiasitictis , 234 
Rhodnuis prohxus, 678 
Rhus poisoning, 936 


RiboRavia, 890 
Rickets, 1 893, 895 
calcium and phosphorus in, 784 
phosphatase in, 785 
Rickettsia, 176, 178, 180 
animal inoculation with, 179, 185 
antigens, 182, 183 
burnt ti, 178 
canon, 177 
cultivation of, 186 
tnoosert, 176 
onentahs, J 77 
ptowazekt, 176, 278 
tickfiim, 177 
toxic substance of, 179, 184 
vaccine, 1 80, ] 84 
Rickettsial infections, 176 
Ricder cell, 421 
Rift-Valley fever, 223 
Ringworm, 251, 252 
Rivalta's test (seromucm), 758 
Robert’s reagent (albumin), 827 
Rocky Mountain spotted fever, 177 
Romanowsky blood siains, 367, 388 
R oss-Joncs test (globulin), 748 
Rotcnone, 941 

Rothcra’s test (acetone), 834 
Rough colonics, 8, 8, 105 
Roundworms, 595 
Rubromadtirella, 2 67 
Rumpel'Leede phenomenon, 402 
Russell's double sugar medium (enteric bacilli), 
356 

viper, 715, 716 

S 

Sabin’s supravital stain, 393 
Sabouraud’s medium (fungi), 231, 358 
Sahh hcmoglobinomcter, 579 
Sabli-Hellige hcmoglobinomcter, 379 
Salmonella, 129 
act try c^, 152 
antigenic structure of, 1 29 
table, 132 
choleraesms, 133 
enterindts, 132 
AirscAfcidu, 131 
morgani, 141 

paratyphi A, B, and C, 131 
peshscaviae, 132 
psittacotts, 132 
pultorum, 39 
scholtmuelten, 131 
suipettifer, 133 
typhi, J24, 125 

colonies of, 8 
typAinmnum, 21, 132 
typhosa, 124 
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S> phihs — {Continued) 
complement fixation reaction (Kolmer) in,. 
3J7 

diagnosis of, 169 

flocculation reaction (Kahn) tit, 306 
immunity from, 163, 163 
relation to pinta, 17-1 
to jaws, 172 

serologic reactions in, 169, 305 
false posit nc reactions, 336 
in infants, 336 
in leprosy, 88 
in malaria, 506 

in miscellaneous diseases, 336 
interpretation of, 335 

persistent ("feu”) pasture reactions in, 336 
VDRL. slide test for, 333 
Wassermann reaction in, 305 
Syphiloid s, 165 

T 

Tabanus, 699 

Tables: Aedet, geographical distribution of, 691 
alkali deficit, indirect tests for, 807 
animal inoculation, diagnosis by, 22 
basal metabolism, normal standards of, 879 
blood, chemical constituents of, 763 
gas analjses, correction factors for, 810, 811 
hone marrow, normal differential count of, 
300 

differential leukocyte count, normal, 425 
domesticated animals, diseases acquired from, 
18 

Kahn reaction, presumptive test, 317 
una! dilutions of scrum, 313, 3H 
spinal fluid test, 315 

tjpes of positive and negative reactions, 
311, 312, 313 

Kolmcr complement fixation test: comple- 
ment, dilution of, 325 
titration of, 325 
hemolysis, dilution of, 324 
titration of, 324 

quantitative test, with cerebrospinal fluid, 
327 

half-quantity method, 329 
with scrum, 327 
half-quantity method, 328 
nephritis, type* of, 830 
of amcbac (trophozoites), 538, 540 
cysts of, 538, 541 
in stained films, 545 
of anemias, 450 

of animal parasites of man, 476 
of antibiotics, from Actinomyces, 274 
from bacteria, 272 
from fungi, 273 
of buffers, 925 


Tables — ( Continued } 

i>{ candulac, dilfercntution of, 249 
of cerebrospinal fluid changes in disease, 756 
of ccstodc ova, 588 
proglottides, 582, 588 
of clostndia, 64 

of coryncbactcria, fermentation reactions of. 
97 

of djes, solubility of, 363 
action on Brucella, HO 
of filariform larvae, 61 1 
of flagellates, morphologic forms of, 512 
of helminths, classification of, 557 
of hookworms, distinguishing features of, 602 
of human blood groups, 403 
of indicators, 339, 923 
of intestinal bacilli, inside of back cover 
of mtracutancous diagnostic tests, 302 
of lobar pneumonia, organisms in, 39 
of malaria parasites, 504 
of microfilariae, 625, 626 
of mycobacteria, 77 

of Neisseria, fermentation reactions of, 55 
of nematode ova (intestinal), 610 
of pH, bicolor method of determination, 926 
of KHjPOr — NaOH mixtures, 339 
of phosphate mixtures (Sp'reoscn), 925 
values of buffer solutions, 925 
of pneumococcus tjpes, 41 
of pressure and temperature (sterilizers), 338 
of protein in urine (quantitative determina- 
tion), 828 
of Protozoa, 486 

cjsts of (living), 541 
in stained films, 545 
irophozoiies of (living), 540 
of protozoal diseases, 483 
of red blood cells, normal values of, 415 
of rhabditiform larvae, 611 
of rickettsial antigens, 183 
of Salmonella, antigenic structure of, 132 
of Schilling differential counts, 428 
of schistosomes, features of adults, 568 
of Shigella, carbohjdratc fermentation by, 13? 

serologic classification of, 136 
of Strongyloides sier corahs, features of fe* 
males, 600 

of Taenia (species), features of, 585 
of tapeworms, proglottides of, 582, 588 
of trematode ova, 577 
origin of blood cells, 424 
Schick reaction, age incidence of, 95 
splenomegaly in diseases of the blood. 44/ 
sulfonamides, conversion factors of, 795 
Taenia, ovum of, 58f> v 

pisiformir, 30 
sajpnata, 585 
solium, 585, 591 
cysticcrcus larva of, 592 
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Tallrjmt'i hemoglobin tealc, 38 1 

Tampan, 669 

T apewormt. 578, 579 
beef, 585 

dugftoiu ‘iff 55 7, 593 

dwarf, 586 

fiih, 584 

unmiturc tugo of, 581 
intcmnal, 5h2 

lift «)dc of. 582, 583. 589, 590 
m» of. 368. 630 
pork, 585 

prevention of infection »uh. 3 53 V<0 
proglottides, grain! (uhlt). 5hH 
r,i. 526 
aotiutsc, 589 
life cjctc of. 589 
Taraniub, 661 

Tamazi'* anaerobic method. 92*1 
Tattoaawdac, 665 
Tartrate medium {SiimontlU ) 350 
Ta> Sachi dneate, 463 
Tellurite medium (diphtherial 345 
TcauJtitt Jentlomui, 604 
Ten break fan. 560 
Tcunut, 64 
antitoxin, 70 
immumutuitt from. 70 
toxin. 69 
ucjtmcnt of 71 
T*«an>, 7H3, V)4 896 
Tr(.jihn»njte (troth iSalmoitttia}. 352 
Tn.oJon 7 22. 72} 

Init (rirf, <>4 8 
Thala.sermi. 45 1 
3 Jull-s d»ju 226 
J Jullot|vorc». 22* 

TV i)cr . iliifJU;, JO 
to u*. 204 
Thumin. Pi 4 

TJuili him. < blood). 19 J, 503 
Thi<»|jruiei in Mwnl tH 
Ttiuvbcoltite medium. )42 
Thonu «l doting piprt. J8J 
Thorny fa-41 led wmm 45. 

TNrdlihd «f klu.oW (Ultima. Ml 
Throat. lumuuion <4. 7)1 
Diiumluilivflu. lie te Ji'iiT Ixtnmlu.K. 
471 

TV.aidaa.M6 430 
1 1ji-od-ooK’perjj. 4JJ 
tVu.li ;«<. 714 

If.in.i in. t*J 
Ut h.i* 14J 
(.4ekb, ?:i 
»«*•* 

UV« 054. 6.19, M. 5 

i!,i<.\eli ft . 1. <-0 1 


Ticks— {Coirrwi.fi/) 
hard, 666, 667 
ke\ to, 66S 
life history of. 66/ 
mouth partt of. 661 
preservation of, 712 
soft. 669 
ko lo, 670 
Tinea orciiMU, 25] 
enint, 255, 261 
imbnciU, 261, 263. 264 
pedis, 236 
versicolor, 24 S 
Tissues, dehydration of, *42 1 
(nation of, 920 

Titration, of complement, 325 
of hemoi) un, 323 
Tohaceo moutc unit, |9( 

Tol»u fc»cr. 177 
Tomun'i ujhition, 345 
Tokelau, 261 

Tomato juice agar (laaoluv.lli), 347 
Tonsillitis, 734 
Tojifcr* rragrnt, ShJ 
TctJj kitiolftHt 24 J 
Turujous, 243 

Toaic plans*, diseases due to, VJ3 
Tuxrn. 240 
in lx>tulnm, 71 
«n dipblbena, 9?, 94 
<n (at gangrene. 6 5 
in tetanus, 69 
id ClattnJiun t»4 
of rmiJontotji 145 
of Kit Ken, u 179, 1 44 
of 5 4, stilt. 114 
ol iufhyiototiM 46 
of Sift plot Of tut 36 
of Tirute*. 191 
TuanuJ. diphtheria. 92, 06 
tmmn, 70 
Tuv.j'hinu, 535 
TmiAinui into 723. 724 
Traehoma, 2l5 
Twia/iliuiB ,4 bln,*! 4/J4 
pttMttatKin ’4 Witod {>4 4| ) 
TfanuUorul !.uk.„>ir« 42 2 
T»anMiii»i*>n *1 parastir* tad gir 6\4 
n>telum.al 63} 

T(j;t»ui),lr«, 745 

f xnuiiala lut JKVt), 4r.i 6,55 
du*ftui» id tafi.ttuat ait.’i. 475 
>.,* ,4. UJ 629 

Ctocnoon of uiifttv n «i(h, *64 
Tt.jvh feter J 7» 

Trenittr ddolu-g | i,xl, J83 
T’tp, *tt*d 1 5a 
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Trichuris ttichiura, 606 
ovum of, 606 


yJm, 167, 167 
j/uenue, 170 

^/selective localization of, 163 
staining of, 170, 367 
Treponemiascs, 162 
immunity in, 163 
pathologic lesions, 163 
supcnnfection, 164 
Tftatoma dimidiate, 677 
infestans, 677 
longipes, 677 
protracta, 677 
rubtda, 677 
rubrofasciata, 678 
sangutsuga, 200, 677 
Trtchmella spiralis, 612 

blood, examination of, for larvae, 646 
mtracutancous tests for, 302, 650 
larva in muscle, 613 
life cycle of, 614 
muscle, examination of, 647 
Trichinosis, 614 

Tnchocephalus (see Tnchuns), 606 
Trichomonas hornmis, 531, 548 
unax, 532 
vaginalis, 532, 548 
Tnchonoeardiasis, 237 
Tnchophytin, 256, 301 
Trichophyton concentneum, 261, 264 
flat urn, 254 
gypseum, 255, 258 
tndicum, 262 
tnierdigtiale, 255, 259 
mcgnim, 254 
mentagrophytes , 254 
mims, 258 
pedis, 255 
purpurcum, 259 
qumheamtm. 258 
rcquclli, 262 
roseum, 254 
rub rum, 259 
* tabouraudi, 254 
schaenleim, 250, 253 
tonsurans, 254 
uolaceum, 254, 258 
Trichophytosis, 254 
Tnchosporosis, 237 
Tnchosporum gigan/eum, 237 
\hartoumensts, 270 
Tnchossrongylus colubnformu. 604 
onenlahs, 604 


Trypanosoma, 517 
crust, 517, 522, 676 
culture media for, 523 
life cycle of, 521 
gambiense, 517, 519, 701 
life cycle of, 518 
of animals, 517 
rhodesiense, 517, 701 
Trypanosomiasis, African, 518 
American, 519 

geographical distribution of, 517 
Trypsin, 867 

Tryptose-glucose-extract-mdk agar (milk), 359 
Tryptose media (Brucella), 346 
Tsetse flies, 700 

Tsuchyta's reagent (albumin), 827 
Tsutsugamushi disease, 177, 662 
Tuberculin, 83 
hypcrsensitivcncss to, 83, 300 
old tuberculin, 84 
purified protein derivative, 84 
tests, 84, 302 
Tuberculosis, 78 

atrium of infection, 81 
bacillus of, 78 
in urine, 848 
types of, 77, 78 
D CG vaccine, 85 
blood cultures in, 83 
concentration of bacilli, 82 
culture media for, 347 
diagnosis of, 81 
exudates in, 760 
immunization from, active, 84 
inoculation of guinea pigs, 83, 369 
meningitis, 754, 755 
Much's granules, 79 
sputum examinations in, 738 
staining methods, 365 
tuberculin tests, 84, 302 
Tubes, duodenal, 860 
fermentation, 343 
for collecting blood, 928 
Lyon's blood tube, 918 
stomach, passage of, 859 
Wright's U-tube, 9) 8 
Tularemia, 113, 115, 116 
clinical mam/cs rations of, 114 
diagnosis of, 115 
transmission of. 114 
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Tung: 1 penetrant, 6$ 0 
distinguishing feature* o f, 681 
Turk's blood diluent, 355 
irritation cell, 421 
Typhoid fever, 124 
agglutination in, 127 
bacilli in water, 127 
blood culture* in, 127 
earner*, 127 
gall-stone* in, 1 26 
in/ecuon in cun, 126 
o)itcr* a* transmitters of, 725 
stool cultures m, 123. 127 
vaccination, prophylactic, 123 
Typhus fever, 176 
endemic, 176 
epidemic, 176 

(lea transmission of, 176, 6S0 
louse transmission of, 176, 678 
murine, 176 
scrub, 177 
T)iiH.uline, 272 
TyroglyphiJae, 665 
T)rOgl)l>hut longuir. 665 
Tyrotl/1, m urine, 624 
Tyroihriem, 272 

U 

Ulcer, tropical, 91 
Uliracenirifugr, 190 
Lltrafiltration. 190 
Uncinariasis (ire Hookworm), 003 
Undulant fever. 105, 111 
Urates in urine sediment, S23 
Urea, clearance leu, 844 
concentration test. 846 
in Lied. 763 

significansr of. 769 

in urine. 837, 853 
medium, 351 
U tease. 769 

L'teinia, asidnsis in. 803 
blood erraumne in, 771 

tvnpiotnn nitrogen in, 770 

phoiphotus in 7H 

uric ao.1 in. 772 
renal (uixfion test* is. Sib 
Vna aexJ. er?»la]» in Urine, 823 
in ( lo-d. 772 

1 iJm > method of drnrnu.-uia.in. 771 
murine, ‘3S 
Lime. 819 

asiditr <4 iiiti’sl'r 844 
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bact mol ope examination of, 547 
bile m, 535 
blood m, 521 
bromides in, 797 
calculi in, 525 
rails m, S22 

chemical c lamination of, 826 
chlorides in, 839 
cbjloui, 819 
creatinine in, 839 
crystalline sediment in, 823 
culturrs of. 848 
duitase in, 840 
epithelial cells in, 820 
glucose in, 831 
hemoglobin in, 444, 822, 836 
hydrogen-uin concentration of, S40, 926 
indican in, 836 
ketone bodies in, 834 
lead in. 837 
leukocytes in, 820 
mejeui) in, 836 
nitrogen partition in, 839 
total mitogen in, 837 
parautes in, 549 
proteoses in, 823 
reaction of. 819 
red tells in, 821 
Stkutoiomj us a Ut, CIS 
sediment in, 819 
smegma bacillus in, 78, 848 
starch granules and fibers in, 824, 825 
sugar in. 531 
tubercle bacilli in, 543 
urea in, 837 
unc a, id in. 83/) 

Urobilin, in feces, 555 
in Utine, 635 

Its! of fiver function, 856 
Urobilinogen in urine. 833, 573 
C’ta (ire Lspundiaj, 516 

V 

Vaccination, reactions to. 1 96 
technic of, 196 
Vat sines, 301 

r~'tor.r,!j Js7 

cholera. J 43 

ffrUt/Uii rrrlsul. 16$ 
infhirnjj vims, 211 
1'bgat. 119 
incurs s.Mkl, <5 
l*2*smj<Vit. 2o5 
1 irjuim rs .4. 531 
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.« of. 304 
.. use of, 305 
-i and paratyphoid, J23 
/d»s, 193 
yellow fev cr. 221 
Vaccinia, 195 
Vagabond's disease, 078 
Vilnius, gonococcal, 49 
mycotic, 248 
tnebomonad, 532 
Vampire tut, 200 

can den Bergh test (bilirubin), 871 
Vanillism, 665 
Variation, bacterial, 8 
of anthrax bacilli, 59 
of diphtheria bacilli. 91 
of Hemophilia m/lurnsjf, 105 

penumt 108 

of KUhneM* pntumonur. 123 
of meningococci, 5! 
of pneumococci. 42 
of Protein, 140 

of Sdhnoncltj 129 
of ctaphyloCucct. 46 
of streptococci, 34 
of tetanus luctlli. 09 
of Uphold bacilli, 125 

Varicella, 197 
Variola, 195 
Vectors, 477 

VJJRL stuff test (t>phiJn), 333 
Vegetable cells, in feces. 851 
in unite, 825 
I tillontlla. 32 
Venom, snake, 716 
test in purpura, 470 
Vcntnculm, 436 
Verdu Cat or, 707 
Ver macaque, ”06 
Verruca vulgaris, 194 
Verruga peruana, 187 
Verve oort s medium (cholera), 358 
Vi antigen (typhoid), 125 
t 'tbno comma, 141, HI, 144 
t) pcs of, 1 42 
IJ Tor, 142 
oitichmb.oti. 1 43 
Vibnon septicjue, 60 
Vincent’s angina, 154, 155, ,"34 
VioIctTcd bile agar (i aliform bacilli). 360 
Vipenne snakes. 715 
Virulence, 279 
Viruses, 1 89 

chemical composition of, 191 
classification of, 194 
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Viruses— ‘(Continued) 
cultivation of, 17, 19| 
diseases due to, 193 
laboratory diagnosis of, 194 
masked, 212 
ncurotropic, 194, 223 
purification of, ISO 
sue of, 190 
viability of, 192 
Vital staining, 392 
Vitamins, 885 
A. £50 
8., SS3 
B», 890 
It*. 698 
II*. 699 

C, 692 

D, 693 

E, 898 

K. 467, £96 
miscellaneous, 900 
Voges-IVoikaucr tcir, 138,351 
Volume index (red cells), 416 
of blo«J. 398 

Vomiting, alkali excess in, £04 
blood chlorides in, "SO 
blood phosphorus in, 7S4 
nonprotem nitrogen in, 770 
sickness of Jamaica, 933 
con Jaksch anemia, 4S4 
con Pirquct’t tul>erculin test, 84 

W 

War wounds, anaerobes ui, 62 
trcatmeni of, 67 
Warts, I9S 
Wasps, 675 

Wassermann reaction, 305 
Water, bactcriologic examination of, 139 
cholera cibno in, 143 
coliform bacilli in, 139 
culture media for, 359 
tests for, I3S 
typhoid bacilli in, 127 
requirements of the bod), 903 
Waterhouse-Friderichsen syndrome, 51, 55 
Way son’s stain, 366 
Wcil-Felix reaction (t)phus), HI, 150 
Weil’s divease, 158 
agglutination reaction in, 2S7 
Welch bacillus, 63 
Wen) on’s lodinc-cosin solution, £53 
West Nile cirus, 198 
Whipworm, 606 
White blood cells, 4 1 8 
counting of, 3S5 
differential count of, 390 
Whooping cough, 107 
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Widal agglutination test, 127 
Wdlebrand't sjndrome, -470 
W dicin'* blood sum, 38 3 

Wintrobc and Landsbcrg * method (seduneLta- 
tion rate), 395 
WoklfihrtU magnifies, 7l)6 
a gil, 706 

Wong’* method (blood iron). 382 
Wool Miner*’ ilnriw, 60 
Worm*, flat, 560. 578 
round, 595 
thorn) -headed, 553 
Wright-Giemu »tain, 508 
Wright’* blood ttain, 383 
tube, 918 

H’u( herein hamrojli. 618. 692 
tnfrettse larvae of 619 
mtcrofllarue of, 618 
malayi, 618 


X 


Xanthochromia, 747 
Xanthomata, 464 

Wood cholesterol in, 79! 
Xtnodugnosis. 522 


XenoftylU (htofit. 1 18, 680 
distinguishing feature* of, 681 
Xerophthalmia, 886 
Xerosis bacillui, 97 

Y 

laui. 170 

clinical tvmptnm* of 171 
e pidcmiologs of, I ~ I 
forest. 516 

relation to vvphilis. 172 
least*. 237 
Yellow feser 2 It 
immumtv from. 22<) 
lungle t)pe, 221 

moM]Uit» transmitter* of, 220. 22! 
vaccination. 221 
Yersm s anuplague serum 120 

7 

Zcnker s fluid. '»2I 
Ziehl Neel sen stain. *6' 

Z) gusporrs, 229 
Zymonema frjutiemm, 242 



